Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^du^rr/i^s fa. 3 ^7 




Harvard College 
Library 




BOUGHT 
FROM THE GIFT OF 

CHARLES HERBERT THURBER 




c </ 




3 2044 096 998 679 



/ 








7^ 









TREATISE 



OS 



ARITHMETIC 



GOMBIKIKO 



ANALYSIS AND SYNTHESIS, 



▲OAPTBD TO 



THE BEST MODE OF INSTRUCTION ^IN COMMON 
SCHOOLS AND ACADEMIES. 



BT 



JAMES 8. EATON, M. A., 

IK8TBVOTOB ZX PHILLIPS AOADKMT, AVDOTXB, AHD PBB8IDS1IT OP THB 

OOUXTY TXAOmnUB* ABBOOIATIOV. 



^ BOSTOTilA ij 
V^ CONDTIAAB. • 

^^ 1630. ^ 



BOSTON: 
THOMPSON, BIGELOW & BROWNc 

25' & 29 CORNHILL, 

1872. ^ 






IMITAIf COLLEGE LICRAIY 

fttl THE GiFI OF f 

CHARLES HERBERT THURBeI^ 



Entered, according to Act of Congress, in the year 1857, by 

JAMES S. EATON, . 
In the Clerk's Office of the District Court of the District of Massachusetts 



V 



PREFACE. 



In an experience of many years in teaching Arithmetic, the 
author of the following treatise has thought that, with many 
excellences, there were also many defects in the best books in 
use. To correct these defects and to multiply the excellences 
has been his constant aim. This is his only apology for pre- 
senting a other school-book in a department already oyerbur- 
dened. 

It has been the guiding principle to be dear, brief, accurate, 
logical. Subjects are arranged, first, with reference to their 
dependence, and, secondly, with reference to their importance 
and simplicity — the less difficult and mpre practical first, and 
the more intricate and less important afterwards. 

In Reduction, those examples requiring a familiar acquaint- 
ance with fractions have been deferred until fractions have been 
discussed; and in Fractions, the seyeral operations have been 
arranged with strict regard to the dependence of principles, 
contrary to the almost uniform arrangement of other works. 

Some articles of a practical business nature, not usually found 
in arithmetics, have been introduced, and special care has been 
taken to adapt the work to the wants of the business community ; 
yet the science of numbers has not been forgotten, but the defi- 
nitions and manner of discussion have been designed to prepare 
the pupil to enter upon the study of Algebra with pleasure and 
profit 






Iv PREFACE. 

It has been assumed that the learner has some knowledge of 
the properties and relations of numbers (and no scholar should 
be allowed to studj Written Arithmetic until he is familiar with 
the modes of reasoning in Intellectual Arithmetic), yet it is be- 
lieved that eyerj intricate principle has been dearlj presented 
before its aid is required for the solution of an example. 

It has been designed to give answers enough to inspire confi- 
dence in the learner, and yet to omit enough to secure the 
discipline Resulting &om proving the operations. 

At the close of the work, an extended Supplement has been 
added, designed to be suggestive (and this has been a leading 
idea in the whole work) rather thafi faH or oonsecutive, it being 
conadered the great end of school discipline to lead the pupil to 
iMnk for himself. 

In submitting this treatise to the intelligence and candid criti- 
cism of school committees and practical teachers, the author takes 
pleasure in acknowledging deep indebtedness to the Principal, 
the Associate Teachers and Treasurer of Phillips Academy, and 
to other eminent teachers and men of practical knowledge, for 
important suggestions and valuable criticisms in the preparatioD 
of the work. 

JL Key, containing the Answers not given in Una book, is piibliahad 
for the use of Teachers. 

Philuvs Aoaozxt, Ajomvbb, ) 
July 16, 1857. | 
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ARITHMETIC. 



Article 1. Arithsietic* is the science of numben and 
the art of computation. 

(a) A number is a unit or a collection of units — a unit f 
being the least whole number, viz. one. ' 

3.' Arithmetic employs six different operations, viz. Notation^ 
Numeration, Addition, Subtraction, MuUij^licaiion and Divisicnm 

Note. — These operations are yariooFlj combined, giying rise to a great 
qnmber of rales. 



SI. NOTATION. 

3. Notation is the art of expressing numbers and their 
relations to each other hj meaas of figures and other symbols. 

4. To express numbers, the ten Arabic figures or digits,X 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
naught, one, two, three, four, five, six, seven, eight, nine, 

arc in general use. 

* Arithmetic is fit>m the Greek *Api^fjLnrtK^ (sc. r^x^n)* ^ ^rt or ffct«ie« 
9f numbers. 

t Unit, from the Latin units, which means one. 

X Digit, from the Latm digitusl a finger; a term probably applied to 
IgttnM from the custom of counting upon the fingers. 

1 



S NOTATION. 

ff. The seven Roman letters, 

I, V, X, L, C, . D, M, 

one, five, ten, fiftj, one hundred, five hundred, one thousaiiiL 

are sometimes used to express numbers. 

O. The sign of doUars is written thus, $ ; e. g. $2 representfl 
two doUars; $10, ten dollars, etc 

7. The sign of equality, =, signifies Uiat the quantities be- 
tween ^hich it stands, are equal to each other ; thus, $1 = 100 
sents, L e. one dollar equals one hundred cents. 

NoTB. -— An expression in which the sign of equality occurs, is called an 
equaiion. That portion of the equation which precedes the s^ of eqoaUty 
11 the first member, and that which follows, the second member of the 
equation. , , 

8. The sign of addition, -f-, called phis, denotes that the 
quantities between which it stands are to be added together; 
thus, 3 -}- 2 = 5, i. e. three plus two equals five, or three and 
two are five. . ^- 

9. The sign of subtraction, — , called minus, signifies that the 
number after it is to b6 taken from the number before it ; thus, 
7 — 4 = 3, i. e. seven minus four, or seven diminished by four, 
equals three. 

10. The sign of multiplication, Xy signifies that the two 
nmzLbers between which it stands are to be multiplied together ; 
thus, 6 X ^ = 30, i. e. six multiplied by five equals thirty ; or 
more femiliarly, six times five are thirty. 

11. The sign of division, -f-, indicates that the number before 
it is to be divided by the number after it ; thus, 8 -~ 2 = 4. 
L e. eight divided by two equals four. 

(a) Division is also frequently indicated thus, f = 4 ; also 
by two dots, thus, 8:2 = 4; i. e. eight divided by two equals 
four. 

12. Three dots, .*., are the symbol for therefore; e. g. 8 -f 1 
= 4 and | = 4, .•. 8 -i- 2 = f , i. e. therefore these two forms 
8-4-2 and f , have the same signification. 

NoTB. — Other ligns and their signification will be given when their aU 
i^ needed. 



inTKESATIOir. 



S 2. NUMERATION. • 

13. Ntthebation is the art ci reading numbers which have 
been expressed by figures. • 

14. The first Arabic figure, 0, is called a ciphery naught of 
gerOy and, standing alone, signifies nothing. Each of the r^ 
maining nine figures, 

1, 2, 8, 4, 5, 6, 7, 8, 9, 
one, two, three, four, five, six, seven, eight, nine, 

represents the ivimber placed under it^ and, for ocmyenienoe in 
distmguishing them finom 0, thej are called significant figures* 

Note. — The terms ngnificant and insignificant ait) used technically; if 
18 really significant as any other figure. 

ItS. Each significant figure has two values; one of which is 
constant, (i. e. always the same,) the other, variable; thus, in 
each of the numbers 2, 20. and 200, the left-hand figure is two; 
but in the first it is two units ; in the second, two tens ; and in 
the third, two hundreds. 

The former of these values is the inherent or simple value, 
and the latter is the local or place value. 

10* The value of a figure is made tenfold hj removing it one 
place towards the left ; a hundredfold by removing it two places, 
etc 

V3f. For convenience in reading, the figures of large numbers 
are frequently separated by commas into periods or groups- 

18. There are two methods of grouping — the French and 
the English. "By the French method a period consists of three 
figures — by the English, of six. The French method is most 
?onvenient and principally used in this country. 

lO. By the French method the first or right-hand period con- 
tains units, tens and hundreds *and is called the period of units, 
the second period contains thousands, tens of thousands and hun 
dreds of thousands and is called the pfriod of thousands; etc. 
u in the following 



KUHEBATIOH 



FRENCH NUMERATION TABLE. 



o 






OQ 

§ 






OQ 

d 
p 



I 



i 



4 



i 



o 



§ 



00 

§ 



00 
S 

C3 






00 



'si 

8, 7 6 9, 5 4 0, 

7th period^ 6th period^ 6th period, 
QaintillioDS. Quadrillions, Trillioas, 



o» w^<y 



03 



C4-1 

o 

00 

H 



oT 

§ 



OQ 

g 



pq 
7 6, 

4th period, 
BilUons, 



S S3 

4 7 6, 

8d period, 
Million^ 



OQ 

s 



03 

9 

OQ 



'Si 

^ 03 ?5 

.0 1, 

2d period, 
ThouMjadfl, 



4 



2 

d S d 

8 4a 

Iflt period. 
Units, 



30. The value of the figures in this table, expressed in words, 
is eight quintUlions, seven hundred and sixty-nine quadrillions^ 
five hundred and forty trillions, seven hundred and six billions^ 
four hundred and seventy-six millions, one thousand, eight hun- 
dred and forty-three. 

31. The table can be extended to any number of places, 
adopting a new name for each succeeding period. The periods 
above quintiUions, are sextillions, septillions, octillions, nonillions, 
decillions, undedllionB, duodedllions, etc 



Exercises in Numeration by the French Method. 
33. Let the learner read the following numbers : — 



1. 


17 


7. 


23,486,927 


2. 


156 


8. 


74,600,007,468 


8. 


9,874 


9. 


9,999,999,999,999 


4. 


76,523 


10. 


471,654,769,853,670 


5. 


890,204 


11. 


5,476,906,757,000,000 


6. 


4,076,470 


12. 


14,000,000,456,447,993 



33* By the English method fhe first period contains units, 
tens, hundreds, thousands, tens of thousands and hundreds of 
mousands and is called* the period of units; the second period 
contains millions, tens of millions, hundreds of millions, tlioa- 



NUMERATIOK' 



flands of millions, tens of thousands of millions and hundreds of 
thousands of millions and is called the period of miliums : et&i 
•g in the following 



ENGLISH NUMERATION TABLE- 



00' 

§ 






O 

°° 03 

Hg 
H 



sa 



09 

•3 



09 

a 






a OS- 



's 



4 3, 

4di period, 
Trillioos. 



whhWhw 

7 9 8 6 5 4, 

8d period, 
Billions, 




4 



00 

I 



^ 



oo 

a 

g S 09 "^ 

WEHHWHa 
8 7 4 6 7 8, 

2d period, 
Millions, 



09 
O) 






09 

Id 



•3 

^ *, ^ 3 § ri 
WHHWHP 

9 6 4 2 8. 

Ist period, 
Unita, 



09 

fl 2 



34. The value of the figures in this table, is forty-three tril- 
lions; seven hundred ninetj-eight thousand, six hundred and 
fifty-four billions; eight hundred seventy-four thousand, six 
hundred and seventy-eight millions; nine hundred sixty-foui 
thousand and twenty-eight. 

3ff • The names of the figures and their values are the same in 
the two tables for the first nine places from the right, after which 
they are alike in value hut different in name. A ti illion by tho 
English method is much more tjian by the French. 

ExEKCiSEs IN Numeration* BY the English M^iTaoa, 

36. Read the following numbers : — 

1. 87,658746,987694,127346 

2. . 93467,8654^3,217684,729111 

3. 47,608000,000047,699998,743270 
' 4. 777,777777,777777,777777,777777 

5. 9000,000000,00000^,000000,000000 

1* 
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Exercises in Notation. 

ST. Lot the learner express the following numbers in figures 
by the French method : — 

1. One thousand, three hundred and fourteen. 

2. Seventeen millions and thirty-six thousand. 
8. Sixtj-five trillions, four millions and six. 

4. One hundred and fifty-three decillions, one hundred and 
fbrty-nine octilHons, nine hundred and ninely-nine quintillionsi 
forty-eight quadrillions, seven hundred and forty-seven thousand, 
nine hundred and ninety-nine. . 

38. Express the following numbers in figures by the English 

notation : — 

1. Fourteen billions; three hundred fifty-six thousand, two 
hundred and fifty-seven millions ; five hundred and twenty-five 
tliousand, seven hundred and forty-one. 

2. Two quintillions ; five thousand quadrillions ; two hundred 
fi)rty-two thousand, seven hundred and fifty-two millions; two 
hundred and fourteen. 

Note. — These and other exercises will be varied and extended by the 
teacher as circumstances may dictate. 

29. TABLE OF ROMAN NUMERALS. 



I 


1 


XXI 


21 


II 


2 


XXIV 


24 


in 


3 


XXV • 


25 


IV 


4 


JiLXlX 


29 


V 


5 


XXX 


80 


VI 


6 


Xli 


40 


Vll 


7 


L 


50 


VTTT 


8 


LX 


60 


IX 


9 


xc 


90 


X 


10 


C 


100 


XI 


11 


CCCC 


400 


XTT 


12 


D 


• 500 


MM 


13 


DCCCC 


900 


IXIV 


14 


M 


1000 


XV 


15 


MD 


1500 


XVI 


16 


MDC 


• 1600 


XVII 


17 


MDCLXV 


1665 


xvni 


18 


MDCCXLIX 


1749 


XTX. 


19 


MDCCCXVI 


1816 


XX 


20 


MDCCCLVn 


1857 



▲DDITIOII 7 

(a) When two or more letters of eqoal value are united, or 
vhen a letter of less value follows, one of greater, the sum ol, 
dieir valued is indicated ; thus, XXX = 30, LXY = 65, CC 
= 200, etc 

(b) When a letter of less value precedes one of greater, the 
difference of their values is indicated ; as, IX = 9, XL = 40 
etc. 

(c) When a letter of less value stands between two of greater 
value, the less is to be taken from that which follows it and the 
remainder to be added to that which precedes it ; as, XIV 3= 14, 
CXL = 140, etc 

Exercises in Roman Notation. 

30. Express the following numbers bj letters : — 

1. Twelve. Ans. ^Ti, 

2. Eighteen.' Ans. 

3. Twenty-nine. 

4. Ninety-nine. 

6. Two hundred and eighty-foijr. 

6. One thousand, four hundred and forty-six. 

7. One thousand, six hundred and forty-four. 

8. The present year, A. D. r. 



§8. ADDITION. 



31. Addition is the putting together of two or more num- 
bers of the same kind, to find their sum or amount, 
3S. This ma}^ be done by the following 

Rule. — Write the numbers in order, units under units, tens 
Mnder tens, etc. Draw a line beneath, add together the fgures 
in the units* column and, if the sum be less than ten, set it under 
that column ; but, if the sum be ten or more, write the units as 
hefore and add the tens to the ney:t column. Thus proceed till all 
(he columns are added. 



33. Ex. 1. Add together 27, 93 and 145. 

• OPERATION. Having arranged the numbers^ we add the col- 
2 7 umn of units ; thus, 5 and 3 are 8, and 7 are 15 
9 3 units (= 1 ten and 5 units). The 5 units are 
14 5 placed under the columnr of units and the 1 ten is 
a c K added to the column of tens ; > thus, 1 and 4 are 
5, and 9 are 14, and 2 are 16 tens (= 1 hundred 
and 6 tens). The 6 tens are set under the tens and the 1 hun- 
dred is added to the 1 hundred in the third column, making 2 
hundreds to be set under the third column. 

2. 3. . 4. 5. 

469 879 5632 98423 
874 458 . 4561 78621 
324 376 7894 85432 



Ans.1667 1713 18087 262476 

6. 7. 8. 9. 

469 3579 123456 3607842 

874 6842 789012 24681 

827 6070 345678 246 

984 8479 901234 874690 

387 5164 655360 390625 

625 . 1024 20736 21025 

676 9801 412090 960400 

729 3721 768241 1367631 

Ans. 

34:. Proof. — Having added several numbers together^ it is 
desirable to test the accuracy of the work ; this test is called 
the PROOF and is applied in several different ways. The usual 
mode is to begin at the top of the units* column and add down- 
ward. If the work is right the two sums will bs 
ALIKE. ^ this process we combine the figures difberentlt, 
and HENCE shaU probably detect any mistake which may have 
been made in adding upward. 

NoTB 1. — The operation caUed proofs in this and the following Article8« 
ofi/^ aerves to strengthen the probability that the work is ri^rht 



ADDITION. 9 

iixusTRATioH. Iq adding upward we say, 2 «Qd 6 are 

Ex. 10. 8, and 7 are 15, and 4 are 19, etc. ; but, in 

3 7 6 8 4 adding downward, we say, 4 and 7 are 11, 

4 8 2 9 7 ^^^ ^ ^'''^ ^^' ^^^ ^ ^''^ ^^' ^^9 ^^"^ ^^ 

5 3 7 4 6 taining the same result, but by different 

9 4 8 5 2 combinations. 

K we do not obtain the same result by 

Sum, 2 4 9 5 7 9 ^^ two methods, one operation or the 
Proof 2 4 9 5 7 9 other is wrong — perhapd both — and the 

work must be carefuUy performed again. 

Note 2. — In adding it is not desirable to name t?ie figuTe$ 
that we add; thtts, in the ahove example, instead of saying 2 n$kd 
6 are 8, and 7 are 15, and 4 are 19, it is shobter and there- 
fore better to sag 2, 8, 15, 19 ; setting down the 9, sag, 1, 6, 
10, 19, 27, etc. etc. 

KoTB 3. — Much of the labor of the f)ractical accoantaiit conaists in 
Adding up long colmnns of figures, and the learner should not rest satisfied 



Ex. 11. 


12. 


18. 


14. 


24864 


8 8 6 9 5 


50000 


44444 


11608 


44347 


25000 


22222 


38b20 


98040 


15000 


66666 


49132 


90000 


55555 


55555 


12883 


95000 


64445 


83333 


12677 


95004 


53338 


mil 


24764 


47804 


56667 


88888 


24914 


68704 


84769 


77777 


24900 


98764 


25231 


33338 


24878 


58798 


84372 


mil 


19864 


95490 


55628 


55000 


2 7 414 


98695 


72869 


33888 


29914 


96564 


37131 


40404 


37208 


90825 


46872 


48484 


18692 


95695 


63128 


27272 


21778 


92237 


84279 


61616 


2 3 3 21 


98153 


.25721 


53535 


2 4 3 2 1 


9 43 7.3 


94876 


35353 


34314 


93017 


15124 


47210 



10 
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Ex. 15. Add 7435, 86424, 75, 987 and 14. 

16. What is the sum of 9874, 625 and 49687428 ? 

17. Add four hundred and fifty-six; eight thousand, foiii 
hundred and seventj-two ; fifteen thousand, seven hundred and 
twentj-one ; forty-three millions, seven hundred and thirty-three 
thousand, eight hundred and fifty-nine ; and ten. 

18. A owes to B $176, to C $8796, to D $549, to E $27, to 
F $5, to G $1111, to.H $469 and to I $46978; how much 
does he owe ? 

19. What was the aggregate population of our country in 
1790, 1800, 1810, etc, the population of each state and territory 
being as in the following table ? 



Ala. 

Ark. 

Cal. 

D. C. * 

Ct. 

Del. 

Fla. 

6a. 

HI. 

Ind. 

Iowa 

Ky. 

La. 

Maine 

Md. 

Mhss. 

Mich 

Miss. 

Mo. 

N. H. 

N. J. 

N.Y. 

N. C. 

Ohio 

Pa. 

R. I. 

S. C. 

Tenn. 

Texas 

Vt. 

Va. 

Wis. 

Territ. 

Ax)3. 



1790. 


1800. 


1810. 


1820. 








127,901 








14,278 




14,098 


24,(fl8 


88,089 


288,141 


251,002 


262,042 


275,202 


59,096 


64,278 


72,674 


72,749 


82,548 


162,101 


252,433 


840,987 






12,282 


55,211 




4,875 


24,520 


147,178 


78,077 


220,955 


406,511 


564,317 






76,556 


153,407 


96,540 


151,719 


228,705 


298,335 


819,728 


841,548 


880,546 


407,350 


878,717 


428,245 


472,040 


523,287 






4,762 


8,896 




8,850 


40,352 


75,448 






20,846 


66,586 


141,899 


183,762 


214,360 


244,161 


184,139 


211,949 


245,555 


277,576 


340,120 


586,756 


959,049 


1,872,812 


393,751 


478,103 


555,500 


688,829 




45,365 


230,760 


581,434 


434,373 


602.361 


810,091 


1,049,458 


09,110 


69,122 


77,031 


83,059 


249,073 


845,591 


415,115 


502,741 


85,791 


105,-602 


261,727 


422,818 


85,416 


154,465 


217,713 


235,764 


748,308 


880,200 


974,622 

• 


1,065,879 


8,929,827 


5,806,987 







J880. 



809,527 
80,888 

89,884 
297,675 
. 76,748 

84,730 
516,823 
157,445 
843,031 

687,917 
215,739 
399,455 
447,040 
610,408 
31,639 
136,621 
140,455 
269,328 
320,823 

1,918,608 
737,987 
937,908 

1,348,233 

97,199 

581,185 

681,904 

280,652 
1,211,405 



1840. 



590,756 
97,574 

48,712 
809,978 

78,085 

54,477 
691,392 
476,188 
685,866 

43.112 
779,828 
352,411 
501,793 
470,019 
737,699 
212,267 
375,661 
883,702 
284,674 
373,306 
2,428,921 
758,419 
1,519,467 
1,724,088 
108,880 
594,898 
829,210 

291,948 

1,239,797 

80,945 



1850. 



771,628 
209,897 

92,597 

51,687 

370,792 

^ 91,532 

87,445 
906,185 
851,470 
988,416 
192.214 
982,405 
517,762 
583,169 
583,084 
994,514 
397,654 
606,526 
682,044 
317,976 
489,555 
8,097,394 
869,039 
1,980,329 
2,811,786 
147,546 
668,507 
1,002,717 
212,592 
814,120 
1,421,(^1 
805,391 

92,2 98 

98,191 874 



ADDITION. 11 

20. The population of England in 1851 was 16921888 ; of 
Scotland, 2888742 ; of Wales, 1005721 ; of Ireland, 6515794 
What was the population of Great Britain and Ireland ? 

21. The area of Maine is 35000 square miles ; N. H., 8030 ; 
Vt., 8000 ; Mass., 7250 ; R. L, 1200 ; Ct., 4750. What is the 
area of New England ? 

22. The area of New England in 1853, wsa about 64230 
square miles ; of the Middle States, i. e. N. Y., N. J., Pa. and 
DoL, 101971 ; of other states north of the Ohio and east of 
ihe Mississippi, 239349 ; south of the Ohio and east of the 
Mississippi, 442673 ; west of the Mississippi, 723997 ; of the 
Territories, 1734645. What was the area of our country ? 

Ans. 3306865 sq. m. 

23. William the Conqueror began to reign in England in the 
fear 1066 and reigned 21 years ; William II reigned 13 years ; 
Henry I, 15 years ; Stephen, 39 ytars ; Henry IT, 35 years ; 
Richard 1, 10 years; John, 17 years; Henry III, 56 years; 
Edward I, 35 years ; Edward II, 20 years ; Edward III, 50 
years ; Richard 11, 22 years. In what year was Bichard II 
dethroned ? 

24. The distances of several places from Washington are as 
follows, viz. Augusta, Me., 595 miles ; Concord, N. H., 481 
miles; Montpelier, Yt., 516 miles; Boston, Mass., 440 miles; 
Providence, R. I., 400 miles ; Hartford, Ct., 335 miles* Wliat 
distance will that man travel who goes from Augusta to Wash- 
ington, thence to Concord, thence back to Washington luid so 
on until he has visited each place in succession and .finally goes 
from Hartford to Augusta, a distance of 250 miles ?- 

25. Suppose a member of Congress to be elected in ea;ili of 
die places named in Ex. 24, what will be their aggregate travel 
in gc ing to Washington and returning to their homes once each ? 

26. A merchant bought 6 bales of cloth measuring 125, 99, 
38 1, « 62, 400 and 399 yards, respectively ; how many yards did 
he buy ? . . < 

27. A buUiher bought eight oxen which weighed, after they 
were dressed, 517, 493, 862, 1127, 419, 768, 1243 and 987 



It ADDITION. 

pounds, respectiyelj ; how many, pounds of beef did he pm 
chase? 

28. A, B, C ai\d D, commencing trade together, furnished 
nionej as follows — A, $3405 ; B, $2700 ; C, $5575 ; and D,. 
$6000. What w?iB the total capital ? 

29. There are five numbers ; the 1st is 476 ; the 8d is 9768 ; 
the 2d is the sura of the 1st and 3d ; the 5th is the sum of the 
1st, 2d and 3d ; and the 4th is the sum of the 2d and 5th. 
What is the sum of the five numbers ? 

30. The difforenoe of two numbers is 876954 and the smaller 
is 7869432. '^^Thai is the larger ? and what the sum of the two 
numbers ? 

31. The ccjst of the American armj for five successive years, 
commencing in 1812, was $12187046, $19906362, $20608366, 
$15394700 and $16475412 ; what was the cost for five years? 

32. 33. 34. 

5487962. 478693252 246987432 

276 989742 6 24 523478761 

997867985 896872748 532487649 

98746958 769879 772496778 

347697842 4769427 624783624 

9999 9947 953643468 728637453 

369874 8742763 432789645 

7689106 427410637 324326728 

5879629 274812 674235978 

427 3 64278 374444693 ^ 472641324 

376987423 546873940 264731598 

572135 7-2 2 9 53201457 416247565 

994120371 -2 5731271 214652911 

992310894 994012377 564562161 

909630126 99993529 456099244 

53 521306748 16025143C 

652302158 10257376 264105265 

^0125 3042 603127252 116392111 

2132015 999230121 356401240 

•99999724 9 95230573 865410128 

994512038 46356532 641901457 



▲DDITIOir. 



IS 



NoT£ 4; — It is cnstomarj to 
ieparate dollars and cents by a. 
point ; thus, $6.82 is read, six dol- 
lars and eighty-two cents. 



Ex. 85. 

$1643.42 

8 4 7.3 1 

5 6.2 5 

3.3 3 

7 8.1 6 
183 2.43 

7.4 1.5 

2 5 9.3 

8 3.3 3 
16.7 9 

7 1 2 8.2 3 

7 7 3.1 9 

'9 40.43 

5 9.7 5 

3 3 7.1 6 

4 2.5 8 
18.7 6 

1 5 3 0.2 1 

5 5.0 2 
5 8 6.7 5 
1 4 2.0 4 

3 4.7 5 



36. 

$4357.00 
4 2 9.6 6 

3 9 6.2 5 
6 7 8 9.7 5 
1 1 5 0.0 

7 42.8 3 
5 43 2.10 

2 1 2.1 8 
7 9.2 

8901.31 

4 7 2 8.5 3 
9 40.4 2 

2 5 44.9 6 

3 6 6.0 3 
2 6 7.3 

2 2.81 

2 5 6.0 

5 5.0 2 

2 6 8.3 4 

3 6 7.3 5 
2 2 6 9.5 4 

' 2 0.41 



Note 5. — Accountants usualljr 
sepai'ate long columns of figures 
into parts by drawing horizontal 
lines, add the numbers between 
these lines, set the sums at the 
right, and then add these sums, as 
in the annexed example. 



Ex. 87. 

$8756.92 

4 7.8 5 
43 2.5 4 

7 6 2.9 4 

5.4 8 
14.5 2 
2 3.0 7 

5 6 7.4 9 

8 7 4.3 2 

5 6.15 
2.12 

7 5.15 
5 6.0 2 
47. 14 

2.2 5 
9.15 

8 7.4 2 
5 6 9.8 7 

2 4.5 6 



8 4 2.1 5 
4 7.9 6 
81.15 
4 6.5 3 

4 8 7.2 

5 3 7.0 
4 7 8.6 9 

2 4 6 8.2 5 

4 2.16 

8.0 5 

.5 



10048Jt 



1678.^9 



6 9 8.2 5 



5 3 9.6 4 



Ans. $17 454.6 



38. The cost of taking and printing the census of the United 
States in 1790;was $44377.28; in 1800, $66109.04; in 1810, 
$178444.67 ; in 18?0, $208525.99 ; in 1830, $378545.13 ;• in 
1840, $832370.95 ; in 1850, $1318027.53. What has been the 
eost of these seven censuses ? Ans. $3026400.59* 

2 



14 SUBTRACTION. 

B9, A farmer owns a farm worth $4775, a pair of oxen worth 
$115, a horse worth $100, six cows worth $30 each, and other 
properly worth $1550 ; what is the value of his estate ? 

40. The area of North America in 1853, was about as follows, 
viz. — United States, 3,306,865 square miles; British America, 
8,050,398 1 Mexico, 1,038,834; Central America, 203,551; 
Russian America, 394,00); Danish America, 380,000. What 
Is the area of North America ? 

41. 66942 + 48 + 7432987 + 463 + 87425 = how many ? 

Ans. 7587865. 

42. 874259876 + 427 + 895276528 + 4307698742 =? 

43. 92 + 27 + 56 + 99 + 88 + 77 + 66 + 55 +44 + 
22*+ 7 + 33 = ? 

44. $86.94 + $17.06 + $45.64 + $43.26 + $72.18 + 
$9.82 = ? 

45. $69482.87 + $469.84 + $769418 + 42693.14 =? 



S4. SUBTRACTION. 

9S- Subtraction * is taking a less number from a greater tc 
find their difference. 

The greater number is called the minuend;^ the lessj svhtrOf^ 
hend ; % the diiference, remainder. 

36. Subtraction is the reverse of addition. 

Rule. — 1. Write the less number under the greater, — uniU 
under units, tens under tens, etc* — and draw a line beneath. 
2. Beginning at the right hand, take each figure of the suhtixi* 



* Subtraction, from the Latin subtrako, to draw fiam Ufkier, *a Uih 
uway, to subtract, 
t Minuend, from the Latin minuendus, to'be diminished. 
t Subtrahend, from the Latin subtrahendus, to be subtracted from 



SUBTRACTION. 15 

iend from the figure above it and set the remainder under the 
Vise. 

3. ij^ any figure in the subtrahend is greater than the figure 
nbove it, add ten to the npper figure and take the lower figure 
from the sum ; set down the remainder and add one to the nexi 
figure in the subtrahend, 

Ex. 1. 
Minuend, 8 4 6 ^^^ example is solved by the first 

Subtrahend, 4 2 1 '^^, ^®«*^.^^« ^^ ^^ "^^® ^^ ^^^^ ^^ 
explanation. 

Remainder, 4 2 5 

Ex. 2. -^ ^s example we cannot take 7 

__. >i Q Q units from 3 units, but if one of the 

o ?°^? ' A tt^ S tens ia put wJth the 3 units it will 
Subtrahend, 2^ ^^^^^ jg ^^^j^g^ ^^ 7 ^j^ ^^^^ ^^^^ 

Eemainder, 2 2 6 13 units will leave 6 units. Now as 

one of the 8 tens has been put with the 
3 units, there will remam but 7 tens and we may take the 5 tens 
from 7 tens ; or, following the rule, we may add one ten to the 5 
tens and take the sum (6 tens) from 8 tens, since the result will 
be 2 tens by either process. 

Ex. 3. Here we cannot take 8 from 2, 

nor can we borrow from the tens' 

Minuend, 6 ' 2 ' P^f ^* P^^ '' ^^^^'f ^^ 
Shthd4. S 8 ' ^® ^^^^ borrow owe oi the 

^ 6 hundreds and separate the one 

Remainder, 16 4 hundred into 9 tens and 10 units; 

then, putting the 9 tens in the 
place of tens and adding the 10 units to the 2 units, we can 
subtract 8 from 12, 3 from 9 and 4 from 5. 

Note. — This process will probably be more readily understood by the 
young learner than that given in the rule, though the latter, being thought 
more convenient, is usually adopted. 

ST. Proof. — Add the subtrahend and remainder together 
and the sum shouM be the minuend. 

Note. — This proof rests upon the axiom that the whole of a thing is equal 
to the sum of all its jmrts ; thus, the minuend is divided into the tux) parts — 
nibtrahend and remainder ; hence the sum of those paitA vwst he the miuue.«d 
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Ex.4. 

Minnend, 68745 
Subtrahend, 26854 

Bem^nder, 418 91 

Proof, 6 8 7^6 



As the ntm at the sobtrahend 
and remainder is the minuend, the 
work is probaify right. (Art. 34» 
Note 1.) 



Minaend, 
Subtrahend, 

Bemainder, 
Proo^ 

Min. 
Sub. 

Bern. 
Proo^ 



5. 

9875 
265 

^610 

9875 



6. 

582769 
2784^3 

254276 

532769 



7. 

5784 
3296 



985643218276942 
294527824367895 



9. 

42706894 
34879632 



10. 



769842004678429 
3046875429846 



11. 

578429694324 
679843000 



12. From 6342 take 2735. Ans. 3607. 

13. 8394769874 — 2487962893 = how many? 

' Ans. 5906806981. 

14. 8479326948 — 5274679894 = ^ 

15. 2734698254 — 984273205 = ? 

16. 4000082000 — 827400832 = ? 

17. 5000000000 — 4999999999 = ? 

18. 7069842374 — 7000000000 = ? 
19.876678876 —678876678=? 

20. The minuend in a certain example is 4798 and the sub* 
trahend is 2653 ; what is the remainder ? 

21. The subtrahend is 576 and the minuend is 9874654; 
what is the remainder ? 

22. The minuend is 9009 and the remainder is 7692 ; what 
is the subtrahend ? 



BUBTBACTIOir. 11 

23. What IS the difference between 876 and 987487 ? 

24. What is the difference between 7690843254 and 222 ? 

25. Minuend ^ 874 ; subtrahend = 269 ; remainder = ? 

26. Minuend = 8746932 ; remainder = 999 ; subtrahend =^? 

27. Remainder = 4967 ; minuend = 879694 ; subtrahend = ? 

28. Columbus discovered America A. D. 1492 ; how manj 
years have since elapsed ? 

29. The difference between two numbers is 8347 ; the greater 
Bumber is 15306. What is the less ? 

30. What number is that to whicii if 768 be added the sum 
will be 987105 ? 

31. What number is that which, taken from 687945, leavea 
87640 ? 

32. From seventy-six millions and thirty-two. take fourteen 
thousand three hundred and seventy-eight. » 

33. The sum of two numbers is 5769842 ; the greater number 
is 4839842. What is the less ? 

34. The sum of two numbers is 2789 ; the less is 879. What 
is the greater ? 

35. The greater of two numbers is 86942 ; the less is 6894. 
What is the difference ? 

36. A treaty of peace was made with Great Britain in 1783 
and war was «gain declared in 1812 ; how long did peace con- 
tinue? 

37. Washington was bom in 1732 and died in 1799 ; at what 
age did he die ? 

38. The number of states in' the American Union at the 
adoption of the Federal Constitution was 13 ; the number at 
the present time, (1857,) is expressed by the same figures tak^o 
in ihe reverse order. How many states have been admitted t^ 
the Union since the adoption of the Constitution ? 

89. What is the excess of the area of the Middle. States over 
ihat of the New England States ? (See Art. 34, Ex. 22.) 

40. The distance from the earth to the sun is about 95,000,000 
luiles ; the distance to the moon is about 240,000. How much 
fiulher to the sun than to the moon ? 

2* 



18 examples in addition and subtraction. 

38. Examples in Addition and Subtraction. 

1. A bought 113 acres of land of B, 254 acres of C, 74 acres 
of D and 396 acres of £, and afterwards sold 75 acres to F, 20G 
acres to G, gave 150 acres to bis oldest son, 100 acres to bis 
second son, and retained tbe remainder. What was the lai^est 
number of acres owned by A ? bow many acres did he sell f 
how many did he give away ?. and bow many did he keep ? 

2. How many are 8694 + 78769 — 354 + 876 + 4327 — 
869 — 473 — 63 + 56 — 6 + 87 — 14? 

3. How much less was the population of England in 1851 
than that of the United States in 1850 ? (See Art. 34, Ex. 19 
and 20.) 

4. The estimated expenses of the United States Coast Survey 
for the fiscal year 1852-3, were, for the coast of Me., N. H., 
Mass. and R. I. $36000 ; N. J., Pa. and DeL $7000 ; Md. and 
Va. $33000 ; N. C. $25000 ; S..C. and Ga. $23000 ; Ala., Misa 
and La. $25000; and for Texas $21000. Suppose the ex- 
penses for surveying t£is extensive coast to be the same for the 
four succeeding years> what wiU be the cost for five years ? how 
much less than the cost of the American army for the five years 
1812-16 ? (Art 34, Ex. 31.) 

5. Methuselah lived 969 years ; how much longer is that than 
from the settlement of Boston in 1630 to the present time ? 

6. Adam lived 930 years ; Seth, 912 ; Enos, 905 ; Cainan, 
910 ; Jared, 962 ; Methuselah, 969 ; Noah, 950. Washington 
died at the age of 67 years ;' J. Adams, at 91 ; Jefierson, 84 ; 
Madison, 85 ; Monroe, 72 ; J. Q. Adams, 81 ; Jackson, 78. 
What is the aggregate age of the seven antediluvians men- 
tioned ? the aggregate age of the first seven Presidents of the 
United States ? what the difference of the aggregate age of the 
seven antediluvians and that of the seven Presidents ? 

7. The population of these five African cities in 1850 was 
ai)Out as follows, viz. Cairo 240,000, Alexandria 35,000, Tripoli 
25,000, Tunis 150,000 and Algiers (in 1840) 40,000 ; that of 
theso five Asiatic cities, as follows, viz. Pekin 1,750,000, Nankin 
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(In 1851) 800,000, Canton 800,000, Calcutta 1,580,000 and 
Bombay 235,000. What was the total population of the African 
cities, and how much greater was that of the Asiatic cities ? 

8. What was the aggregate population of the following sixteen 
European cities in 1852, and what the difference between this 
aggregate and that of the sixteen named cities iii the United 
States in 1850 ? — viz. 



Borope. 




XTnited Statm. 




Liondon, 


2,368,141 


New York, 


515,547 


Paris, (in 1846,) 


1,053,897 


Philadelphia, 


340,045 


Constantinople, 


786,990 


Baltimore, 


169,054 


St Petersburg^ 


478,437 


Boston, 


136,881 


"Vienna, 


477,846 


New Orleans, 116,375 


Berlin, 


441,931 


Cincinnati, 


115,436 


Naples, 


416,475 


Brooklyn, 


96,838 


Liverpool, 


384,265 


St. Louis, 


77,860 


Glasgow, 


367,800 


Albany, 


50,763 


Moscow, 


'350,000 


Pittsburgh, 


46,601 


Manchester, 


296,000 


Louisville, 


43,194 


Madrid, 


260,000 


Charleston, 


42,985 


Dublin, 


254,850 


Buffalo, 


42,261 


Lyons, 


249,325 


Providence, 


41,513 


Lisbon, 


241,500 


VV ashington. 


40,001 


Amsterdam, 


222,800 


Newark, 


38,394 



9. The populations of the lea^ng European countries at tht 
oiddle of the nineteenth century were as follows, viz. Great 
Britain and Ireland 27,332,145, Fratice 35,783,170, Russia 
62,088,000, Austria 36,514,397, Prussia 16,331,187, Spain 
12,232,194, Turkey 1^,000,000 ; what was the total population 
of those countries, and what the difference between the popuW 
don of each of ihem and that of the United States ? (See Aiii 
W, Ex. 19.) 
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§5. MULTIPLICATION. 

39. Multiplication * is a short method of adding equei 
numbers ;" i. e. midtiplicatian is a short method of finding the 
turn of the repetitions of a number which is repeated as msaxj 
times as there are units in another number. 

The number to be repeated is the multiplicand ; the number 
showing how many times the multiplicand is to be repeated^ is 
the multiplier ; the sum or resuU of the multiplication is the 
product. The mtdtiplicand and multipUer are called fcu:tors.^ 

Ex. 1. In one bushel are 32 quarts ; how many quarts in S 
bushels ? 

BT ADDITION. BT MULTIPLICATION. In six bushcls thcrc arCy 
8 2 3 2 evidently, 6 times as many 

3 2 6 quarts as in 1 bushel, anc 

^ ^ Product 19 2 numl^er of quarts in 6 

3 2 bushels may be obtained 

3 2. by adding, as in the margin ; or, more briefly^ 
3 2 hj fhuUiplying ; thus, 6 times 2 units are 12 
« - Q Q units = 1 ten and 2 units ; write the 2 units 
o^i™* in units' place, and then say 6 times 3 tens are 

18 tens, which, increased by the 1 ten previously obtained, make 

19 tens = 1 hundred and 9 tens, and these, written in the place 
of hundreds and tens respectively, give the true product. 

Ex. 2. How many quarts in 46 bushels ? 

OPERATION. First multiply by 6 as though 6 were 

Multiplicand, 3 2 • the only figure in the multiplier ; then 

Multiplier, 4 6 ' multiply by 4 and set the first figure of 

, Q Q the product in the place of tens; for 

-y n o multiplying by the 4 tens is the same as 

multiplying by 40,. and 40 times 2 units 

Product, 14 7 2 are 80 units = 8 tens ; i. e. the product 

of units by tens is tens. Having multi* 
plied by each figure in the multiplier, the sum of the partial 

* Multiplication, from the Latin multiplico, (multuSf many, iind piico, te 
fddf) to fold many times, 
t Factor, from the Latin facio^ to make, to produce. 
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products will be tho true product. Similar reasoning applief 
however many figures there may be in the multiplier. 

40. From these examples we derive the following 

BuLE. — 1. Set the muUipKer under the midtiplicand and 
draw a line beneath. 

2. Beginning at the right hand of the multiplicand^ multiply 
the midtiplicand by each figure in the midttplier, setting the first 
figure of each partial product directly under the figure of the 
midtiplier by which thai product is obtained. 

3. The SUM of these partial products wiU be the true products 

4:1. Proof. — It is not matericd which factor is taken for 
muUiplier, ,\ make each, in turn, the multiplier^ and the two 

PRODUCTS WILL BE ALIKE. 

E^ 8. Multiply 3642 by 1758. 





OPERATION. 


PBOOV. 


Multiplicand, 
Multiplier, 


8642 
1758 


1758 
8642 



29136 3516 

18210 7032 

25494 10548 

3642 5274 



Product, 6402636 6402636 

4. 5. 

Multiplicand, 478 6 9 78694327 

MultipUer, 85642 2 78 9 

6. 7. ?• 

U279548 896542 4 678^3 25 4 

42639 742 369 8 7 6 9 5 4 7 3 2 6 9 5 

9. Multiply 6742 by'967. Ans. 65195 J 4- 

10. Multiply 528764239 by 349. 

11. Multiply 279864327 by 2789. 
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12- 634278 y 23 = how many? Ans. 14588394 

13. 98742968 X 2791 =? Ans. 275591623G88 

14. 4698273 X 1913=? 
15.5678x38769542=? 

16. 123456789 X 987654321 =? 
17 9999999999x9999999999=? 
18. 3333333 X 3333333 = ? 

19 55555555 X ^6666666 = ? 

20 913465728x271936485=? 

21. 421693578 X 875329416=? 

22. 167757216 X 466578324=? 

23. 44556677889 X 98887766554=? 

24. 841784729676 X 576529484441 =? 

25. 248163264128 -X 256289324361 =? 

4L9» The rule already gtven is applicable in all example! 
that can arise in multiplication, but there are various devices for 
shortening the process in particular cases. 

4:3* The product of two or more whole numbers greater 
than 1 is called a composite number ; the factors are called the 
component parts ; thus, 12 is a composite number, of which 2 
and 6, 3 and 4 or 2, 2 and 3 are component parts or factors. 

4:4r« When the multiplier is a composite number, multiply 
the multiplicand by one of the factors of the multiplier and thai 
product by another factor, and so on until all the factors haT% 
been taken ; the last product wiU be the JrtM product. 

Ex. 26. Multiply 37 by 35. 

OPERATION. 

35 = 5 X 7. 

Multiplicand, 3 7 it j^ evident that 5 

1st Factor of Multiplier, 5 tj^ies 5 times a numboi 

18 5 ai'e 35 times that number 

2d Factor of Multiplier, 7 

Product, . 12 9 5 
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Ex. 27. Multiply 293 by 125. 

Multiplicand, 2 93 
Ist Factor, 5 



2d Factor, 



1465 
5 

7325 
8d Factor, 5 

Product, 3 6 6 2 5 



The first method is frequently 
preferable to this, eveu when IM 
multiplier is composite. 



28. Multiply 743 by 42, L e- by 7 and 6. 

29. Multiply 3467 by 56. 
SO. 839 X 54 = how many ? 
81. 7869 X 72=? . 
32.469876X81=? 

83. 478969 x 1728=? 
34. 5387469 X 96-=?.. 
85. 987462 X ^9 = ? 



Ans. 31206. 



4:ff« A number is multiplied by 10 by annexing to it, for, 
by so doing, each figure of the multiplicand is removed one place 
towards, the leflt, and thus its value is made tenfold (Art. 16). 
For. a like reason a number is multiplied by 100, 1000, etc, by 
annexing as many ciphers to the multiplicand as there are 
ciphers in the multiplier. 



Ex. 36. Multiply 74 by 10. 

87. Multiply 869 by 10000. 

88. Multiply 4698 by 1000. 

89. 76984 X 100000=? 
40. 59874 X 1000000000 



Ans. 740. 
Ans. 8690000. 

Ans. 7698400000. 



= ? 



48. To multiply by 20, 50, 500, 25000, or any similar 
number, multiply hy the significant figures and to the product 
annex as many ciphers as there are ciphers at the right oj the 
tignificant figures of the myUiplier. 
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Ex.4L Multiply 756 by 30. 

OPERATION. This is upon the principle of Art 44. The 

7 5 6 component parts of 30 are 3 and 10. • Having 

^ Q multiplied by 3, the product is multiplied by 

2 2 6 8 10 by annexing (Art. 45). 

42. Multiply 743 by 3500. 

743 

7 

^201 ^^ component parts of 3500 are 

g Q 7, 5 and 100. 

Product, 2 60 a5 00 

43. Multiply 84693 by 480000. Ans. 40652640000. 

44. 8769432 x 7200000 =? 

45. 94684235 X 49000000 = ? 

4L7. Not only may' the tmdtipUer be factored, but, upon the 
same principle, the component parts of the muUiplicand may be 
taken separately. This is convenient when there are ciphers at 
the right of Ihe multiplicand. 

Ex. 46. Multiply 8000 by 900. 

8 The factors of 8000 are 8 and 

900 1000, and those of 900 are 9 and 

Product, 7 2 ^^^- ^^ multiply the significan^t 

• figures of the two numbers together 
and to the product annex as many ciphers as there are ciphers 
at the right of the multiplicand and multiplier counted together^ 

47 Multiply 730000 by 2900. 

OPERATION. 

730000 
2900 



657 
146 



Product,21 17000000 
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48. Multiply 8,400 by 2,700,000. Ans, 22,680,000,000. 

49. 7.693,000 X 569,000 =? 
m. 8.769,432,000 X 48,700 = ? 

4:8. Ciphers between the significant figures of the multiplier 
may be neglected, taking care to set the first figure of each paS 
tia) product directly under the figure of the multiz>lier which 
frr ^ that product. 

fa. 51. Multiply 5,723 by 2,004. 

This is only carrying out the 

OPERATIOK. principle (in addition) of setting 

5,7 2 3 units under units, tens under tens, 

2,0 4 etc The 2 of the multiplier ia 

22392 ^^^> ^^ 2^^^ ^™^ ^ *^ ^^^^9 
114 4 6 *** ^^^ ^ ^^ ^^^ partial product 

should be written in the thousands' 

Product, 1 1,4 6 8,8 9 2 j^ace, i. e. directly under the 2 of 

the multiplier. 

52! Multiply 3724 by 4008. Ans- 14925792. 

53. 698427 X 420006 = ? 

54. 58067082 X 3923007 = ? 

55. 7800076900 X 200804000 = ? 

56. What cost 11 pounds of beef at 14 cenis per pound ? 

Explanation. — 11 pounds will cost 11 times as many cents 
^ 1 pound, .*., since 1 pound costs 14 cents, 11 pounds will cost 
11 times 14 cents = 154 cents = $1.54, Ans. 

57. What cost 98 tons of hay at $15 per ton? Ans. $1470. 

58. In one hogshead of wine are 63 gSdlons ; how many gal« 
Ions in 75 hogsheads? 

59. In a certain house are 75 rooms, in each room 4 windows* 
in each window 12 panes of glass and in each pane 120 square 
leches ; how many square inches of glass in the house ? 

60. The earth, in its annual revolution, moves 19 mile3 per 
•eeond ; how far will it move in 1 week — there being 7 days 
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in 1 week, 24 hours in 1 day, 60 minutes in 1 hour and 60 
seconds in 1 minute ? Ans. 11 49 1200 .miles. 

61. What is the value of 379 acres of land at $153 per acre? 

62. Two men start &om the same place and travel in the 
same direction >; one travels 56 miles and the other 75 miles per 
d&7 ; how far apart will they be at the end of 43 days 1 

63. Had the men named in Ex. 62 traveled in opposite 
directions, how far apart would they have been in 56 days? 

64. How many yards of doth in 43 bales, each bale contain- 
ing 53 pieces and each piece 34 yards ? 

65. What is the value of the cloth mentioned in Ex. 64, at 
$3 per yard ? Ans. $232458. 

66. 53 men can do a piece of work in 72 days ; in how many 
days can 1 man do 25 times as much work ? 

67. What is the value of 36 cords of wood at $6 per cord^ 
752 barrels of flour at $12 per barrel, 1000 bushels of potatoes 
at $1 per bushel, 10 oxen at $73 per ox and 5 horses at $125 
per horse ? 

68. If 1 man earn $11 in 1 week, how many dollars will 17 
men earn in 52 weeks ? 

69. The submarine telegraph cable, now preparing (May, 
1857) to connect Europe and America, is composed of 7 coppei 
wiies, imbedded in gutta percha, surrounded by 18 bundles of 
iron wire, each bundle composed of 7 wires ; how many wires 
are there in the cable ? Ans. 133. 



§6. DIVISION. 



419. Division is the process of finding how many times <m« 
number is contained in another. 

The number to be divided is called the dividend; the number 
% which to divide^ the divisor; the restiUj the quotient; ij uin^ 
Mng is left qfter dividing^ the r^mtmuief. 
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ffO« The remainder ts ahoays of the same hind as the divi' 
iend ; e. g. if the dividend is miles the remainder is miles ; if 
the dividend is dollars the remainder is dollars ; eU*m 

Ex. 1. Divide 1384 by 4. 

OPERATION. Having written the divisor and 

4) 1384(346 dividend as in the margin, we first 
1 2 . inquire how many times 4 is contained 

J g . in 13, (the fewest figures at the left 

* g 'of the dividend that will contain the 

— ^ divisor,) and find the., quotient to be 

2 4 S, which we set at the right of the 

24 dividend. "We then multiply the di- 

Q visor by the quotient, 3, and set the 

product, 12, under the 13 of the divi- 
dend and subtract it therefrom. To the remainder, 1, we annex 
8, the next figure of the dividend, and then inquire how many 
times the divisor is contained in 18, the second partial dividend; 
the result, 4, we set as the second figure of the quotient and then 
multiply, subtract, annex, etc. as before, until all the figures of 
the dividend have been taken. 

St» Since the 13 of the dividend is hundreds^ the 3 of the 
quotient is also hundreds ; since the 18 is tens, the 4 is also 
tens ; and, universally^ any quotient figure is of the same order 
as the right-hand figure of the dividend taken to obtain that 
quotient figure^ 

ff3. The operation may be much shortened by carrying the 
process in the mind^ instead of writing it ; thus, having written 

the divisor and dividend 
Divisor, 4 ) 1384 Dividend. as before, say 4 in 13, 3 

Quotient, 3 4 6 times and 1 remainder ; 

set the quotient, 3^ under 
che 3 of the dividend j and then, imagining the remainder, 1, set 
before the 8, say 4 in 18, 4 times and 2 remainder; set down 
ihe 4 as the second figure of the quotient and imaginj) the 2 sot 
before the next figure, and so proceed. 
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• 

ffS. The operation in Art 50 is called Long Dtvman ; that 
in Art. 52 is Short Division^ which may be performed bj the 
following 

Rule. — Divide the left-hand figure or figures of the divi 
dend, (the fewest figures in the dividend that wiU contain thi 
divisor,) and set the quotient under the right-hand figure consid* 
ered in the dividend ; if anything remains, prefix it mentally 
4o the next figure in the dividend and divide the number thus 
formed as before, and so proceed till aU the figures of the divi* 
iend have been employed, 

Ex. 2. Pivide 2776 by 8. 

OPERATION. 

Divisor, 8 ) 2776 Dividend. 
Quotient, 3 47 

Ix. 8. Divide 2781 by 8. 

OPERATION. ' 

Divisor, 8) 2781 Dividend. 

Quotient, 3 4 7 ... 5 Remainder. 

4. Divide 3288 by 7. Ans. Quo. 469. 

5. Divide 4050 by 7. Ans. Quo. 578, Rem, 4 

6. Divide 476589 by 9. 

* 7. 987654 ^ 12 =? Ans. Quo. 82304^ Rem. 6. 

8.59684-^4 = ? 

9.87695425 4-5=? 
10. 7869468923 ^ 11 =? 

ff /£. When the divisor is large, it is not convenient to carry 
iJlic process in the mind, but the work may be performed, in long 
division, by the following 

Rule. — 1. Write the divisor and dividend as in short divi* 
tion and draw a curved line at the right of the dividend. 
2. Divide the smaUeti nuntber of figures in ike left of A§ 
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dividend that wiU contain Jthe divisor and set the retuU oi the 
first figure of the quotient at the right of the dividend, 

3. Multiply the divisor hy the quotient figure and set th$ 
product under that part of the dividend taken. 

4. Subtract the product from the figures over it and to the 
remainder annex the next figure of the dividend for a new 
partial dividend. 

5. Divide and proceed as before until the whole dividend km 
been divided. 

Note 1. — It wiQ be seen that the process of diyiding consists of fbcr 
distinct steps, viz., first, to seek a quotient figure ; second, multiply ; third, 
tnbtract; and, fourth, form a new partial dividend bj annexing tlie next 
figure of the dividend to the remainder. 

Note 2. — If any partial dividend will not contain the divisor, most 
be placed in the quotient and another figure annexed to the dividend. 

Note 3. — If the product of the quotient figure multiplied by the divisor 
is greater than the partial dividend, the quotient* figure is too large and 
' must be diminished. 

Note 4. — If the remainder equals or exceeds the divisor, the quotient 
Ib too small and must be increased. 

» 

SS» Division is the reverse of multiplication. In multipli- 
cation the two factors are given, and the product is required ; in 
division the product and one factor are given, and the other 
factor 18 required. The dividend is the product, and the divisor 
and quotient are the factors. Hence the 

Proof. — Multiply the divisor hy the quotient and to (he 
product add the remainder ; the sum should be the dividend 

11. Divide ^413 by 63. 

OPESJLTIOK. FBOOF. 

63)3413(54 63 Divisor. 

315 54 Quotient. 

2 63 25 2 

252 315^ . 

I J 1 1 Remainder. 



3 413 Dividend. 



8» 
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12. Divide 78946287 by 3498. 

. Ans. Quo. 22568, Kern. 8423 

13. Divide 1764842 by 347. 

14. 896842 -i- 547 =? Ans. Quo. 1639, Rem. 309, 

15. 569432 -f. 45 = ? 

16. 98647324-1-4893=? 

17. 698742346525 -f 6995 =? 

tS6« When the divisor is a composite number, the work ma^ 
oHea be abridged by dividing first by one factor of the divisor, 
and the quotient thus obtained by another, and so on till all the 
factors have been used ; the last quotient is the quotient sought* 

Ex. 18. Divide 1855 by 35. 

OPERATION. This operation la 

85 = 7 X 5. evidently correct, 

for one fifth of one 
1st Factor, 7 ) 18 5 5 Dividend. seventh of any 

2d Factor, 5 )265 1st Quotient number is the same 

— 7~k rwy ^ » ^ o'^e thirty-fiflh 

5 3 True QuoUent ^f ^^a^ number. 

« 

19. Divide 1551 by 33. Am- 47. 

20. Divide 31794 by 42. 

21. Divide 47936 by 56. 

22. Divide 24840 by 72. 

23. Divide 7665 by 105. 

OPBRATION. 

105 = 3 X 5.x 7. 
3) 7665 

5) 2555 

7)511 

Quotient, 73 

(a) Sometimes a composite number is made up of different 
Bets of factors, as in Ex. 24. When this is tbe'case, it is immi^ 
teria] which set is taken. 
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24. Divide 22320 by 240.* 
240 = 8X6x5 = 4Xl2x5 = 4X6xl0 = etc 

PIR8T OPERATION. SECOND OPERATION 



8) 22320 

6) 2790 

5)465 

Quotient, 9 3 

25. Divide 187236 by 252. 

26. Divide 1255872 by 192. 



4)2 2320 

12) 5580 

5)4 65 

93 



Ans. 743. 



S7» Should the learner find a difficulty in determining tha 
remainder, he has but to remember that it is always of the same 
kind as the dividend (Art 50). 



27. Divide 86 by 21. 

OPERATION. 
7)8j5 

3)jl^...2 Rem. 
Quotient, 4 

28. Divide 92 by 28. 

OPERATION. 

4)92 
7)2^ 
Quotient, 3... 2 Rem. 



In this example, as 86 is the 
true dividend, 2 is the true re- 
mainder. 



In this example, as 23 is only 
one fourth of the true dividend, 
so the remainder, 2, is only one 
fourth of the true remainder, .*. 
2X4 = 8, true remainder. 



29 Divide 527 by 42. 

OPERATION. 

6)527 



By the explanations of the 
last two examples, we see that 5 
is one part of the true remainder, 
and that 3, the second remainder, 
multiplied by 6, the first divisor, 
is the other part ; i. e. 5 -f- 3 X 6 
^K 23 = true remainder. The same species of reasoning appliea 
when there are more than two divisors. Hence. 



7 ) 8 7 ... 5 Rem. 
Quotient, 1 2 ... 3 Rem. 
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To cbtain the true remainder 'when division is performed 
bj using the component parts of the divisor, 

Rule 1. — Mvltiply each remainder except that lejt hy the 
first division, hy the continued product of the divisors preceding 
that which gave the remainders severally, and the sum of ths 
products together with the remainder left hy the first division 
wiU be the true remainder* 

SO. Divide 15956 bj 280. 

OPERATIOir. TBUB BEUAINDBB. 

280 = 7 X 5 X 8. 3 = 1st Rem. 

7)1595 6 4x7= 28 = 1st Prod. 

5)"22T9...3Rem. 7 X 5 X 7 = 2 45 = 2d PnxL 

8)45 5...4 Rem. 27 6 = TrueRem. 

Quo. 5 6 ... 7 Rem. 

Rule 2. — MuUiply the last remainder hy the divisor pre- 
cfiding that which gave the last remainder and to the product add 
the preceding remainder ; mtdtiply this sum by the preceding 
divisor and add the preceding remainder, and so proceed until 
the first remainder is added; the sum so obtained will be the 
true remainder. 

Shoidd any remainder be 0^ then is to be added. 

Application of this Rule to Ex. 30. 7 x 5 + 4 =» 
89 ; 39 X 7 -f- 3 = 276^ true remainder, as by Rule 1. 

31. Divide 5273 by 42. 

42 = 2 X 3 X 7. Ans. 125 and 23 Rem. 
82 > Divide 46987 by 504, using the factors of the divisor. 

Ans. 93 and 115 Rem* 

33. Divide 78925 by 105. 

34. 437298 ^U^ = ? Ans. 2839 and 92 Rem. 

35. 216349-^-315=? 

36. 2411 -i- 385=? 
.87. 36067-4-4199=? 
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•58. To divicle by 10, cut off, hj a point, one figure from the 
right of the dividend ; the figures at the left of the point are 
the quotient, and that at the right is the remainder. 

The reason is obviouf* J^jy taking away the right-hand figure, 
each of the other figi.x'es is brought one place nearer to units, 
«nd its value is only one tenth as. great as before (Art. 16), 
•. tlie whole is divided by 10. 

38. Divide 756 by 10. • Ans. 75.6, i. e. 75 Quo. and 6 Rem. 
89. Divide 402763 by 10. 

(a) For like reasons we cut off two figures to divide by 10(\ 
three to divide by 1000, and, generally,* we cut off as many 
figures from .the right of the dividend as there are ciphers in 
ihe divisor. 

40. Divide 76943 by 100. Ans. 769 and 43 Rem. 

41. Divide 98765423 by 100000. 

Ans. 987 and 65423 Rem. 

42. Divide 3078654321 by 100000000. 

(b) To divide by 20, 50, 700, 56000, or any similar number, 
cut off as many figures from the right of the dividend as there 
are ciphers at the right of the significant figures of the divisor, 
and then divide the remaining figures of the dividend by the 
significant figures of the divisor. This is on the principle of 
dividing by the component parts of the divisor, .•. the true 
remainder will be found by the rules in Art. 57. 

43 Divide 74689 by 8000. Ans. 9 and 2689 Rem. 

OPERATION. We divide by 1000 by cutting 

8 ) 7 4.6 8 9 off 689, which gives 74 for a 

/\ ±' J. A o T> quotient and 689 for a remain- 

Quotient, 9 ... 2 Rem. ^^^ ^ ^^^ ^.^.^^ ^^ ^^ g ^^ 

obtain the quotient, 9, and remainder, 2. This remainder, 2, is 
2000, which, increased by 689, gives 2689 for the true remain^ 
der (Art. 57, Rule 2). 

■ • 

— , , ■ ■ I I I - -- - ^^^— ^^^^— — ^"^^ 

* Generally, in mathematics, means %mver9alUf. 
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44 Divide 67475 bj 2400. 

45. Divide 74G89 bj 4200. Ans. 17 and 8289 Bern. 

46. Divide 276987 by 8300. 

47. 769842 -l. 45000 == ? Ans. 17 and 4842 Bern. 

48. 9999999 -i- 83800 = ? 

49. 80407080 ^ 40000 = ? 

50. 987654321 -J- 90900 =? 

51. 9876543210 -^ 909000 = ? « 

52. 123456789 ^ 90900 = ? 

53. A certain product is 1728, and one of the factors is IS | 
irhat is the other factor ? Ans. 144. 

54. How manj times is 157 contained in 74732 ? 

55. Bj what must 816128 be divided to give 556 for a quo- 
tient ? 

56. By what must 87 be multiplied to produce 83868 ? 

57. If 1357901 be a dividend and 87 the divisor, what is t2i0 
quotient? remainder? 

58. Dividend = 6789468 ; quotient = 1234 ; divisor =? 

59. A dividend is 6481, the quotient is 72 and the remainder 
is 73 ; what is the divisor ? 

60. Dividend = 98765 ; divisor = 17 ; remainder = ? 

61. The product of thfee numbers is 16777216, and the pro- 
duct of two of them is 181072 ; what is the other number ? 

62. 248832 = 144 X ? 

ff 9, The value of a quotient depends upon ' the relative val« 
aes of tiie divisor and dividend and not upon their absobtU 
values^ as will be seen by the following propositions. 

(a) If the divisor remains unaltered, multiplying the dividend 

by any number is, in efirect,^multiplying the quotient by the same 

number; thus, 

15^3= 5 
_4 _4 

60^3=;20; 

L e. multiplying the dividend by 4 multiplies the quotien>^ by 4 
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(b) Dividing the dividend bj any number is dividing Um 
quotient by the same number ; thus, 

3)2^ " 

8-4-2= 4 = 12^8; 
e. dividiqg the dividend by 3 divides the quotient by S. 

(c) Multiplying the divisor divides the quotient ; thus, 

80-^2 = 15 
3 

30^6= 5 = 15^3; * 
L e. multiplying the divisor by 3 divides the quotient by S. 

(d) Dividing the divisor multiplies the quotient ; thus, 

40-^10= 4 
5)10 

40-i. 2 = 20 = 4X5; 

L e. dividing the divisor by 5 multiplies the quotient by 5. 

(e) CoBOLLABT * TO (a) AND (b). — The greater the divi* 
dend the greater the quotient, and4he reverse. 

(f) CoBOLLABT TO (c) AND (d).— The greater the divisoT 
the less the quotient, and the reverse. 

9 

80* If a number be multiplied by any number, and the 
product be divided by the multiplier, the quotient will be the 
multiplicand ; * thus, 

8 X 7 = 56, and 56 -2- 7 = 8, the multiplicand. 

CoBOLLABT. — Sincc multiplying the dividend multiplies the 
quotient (59, a), and multiplying the divisor divides the quotient 
(59, c), .'• multiplying both dividend and divisor hy ike same 
f^Hmher does not affect the qiu>tient ; thus, . 

12^3 = 4 

-? 2 

2 4-7-6 = 4, Quotient unchanged. 

• 

* A eorolkanf is an infereace from preceding reaaooing. 
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61* If a number be divided by any number, and the quotient 
be multiplied by the divisor, the product will be the dividend ; 
thus, 

15 -^ 3 = 5, and 5 K 3 =: 15, the dividend. 

Corollary. — Since dividing the dividend divides the quo- 
tient (59, .b), and dividing the divisor multiplies tje quotient 
(59, d), .*. dividing both dividend and divisor by the same num- 
ber does not affect the quotient ; thus, 

20^ 10 = 2 
5 )-20 5 ) 10 

4-7- 2 = 2, Quotient unchanged. 



§7. COMPOUND NUMBERS. 

03. NuaiBERS are either Simple or Compound. 

63. A Simple Number consists of but one hind or denomi' 
nation; thus, 3, 15, 8 books, 4 men, 7 apples, etc are simple 
numbers. . * 

Note. — All opcradons in the preceding pages are upon simple nnmbcia. 

64:. A Compound Number is composed of two or more dc- 
nominations ; thus, 4 days and 7 hours ; 3 bushels, 2 pecks and 

5 quarts ; etc., are compound numbers. 

Note. — The several parts of a compound number, though of different 
denominations J are yet of the same general nature; thus, 2 weeks, 3 days aud 

6 hours are similar quantities and constitute a compound number; but 2 
weeks, 3 miles and 6 quarts are unlike in theik natctrk and do not 
constitute a compound number, , 

GS* Tlie first division of each of the following tables should 
now be thoroughlt committed to memx>ry» 



^ 






^ 
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ee. FEDERAL MONEY. 





10 Amis (m 
10 Cents 
10 Dimes 
10 Dollars 


.) make 1 Cent, 
« . 1 Dime, 
« 1 Dollar, 
« 1 Eagle, 


marked c. 

" . d. 
$ 

« e. 


i 

ligla 

1 


Dollars. 
1 
— 10 


Dimes. 

1 — 
— 10 — 
= 100 == 


* 

Cents. 

1 

10 

100 

1000 


mill. 

— . 10 

= 100 

— 1000 

— 10000 



NoTB 1. — Federal Money is the National Currency of the* United States. 

Note 2. — The terms, eagle and dime, are seldom used in computation; 
eagles and dollars being read collectively and called dollars, and dimes and 
cents being called cents ; thus, 3 eagles and 5 dollars are called $35, and 4 
dimes and 3 cents are called 43 cents. 



4 Farthings (qr.) 
12 Pence 
20 Shillings 



or. ENGLISH MONEY. 

1 Penny, 



make 

a 



1 Sliilling, 
1 Pound, 



d. 

8. 



£ 
1 



s. 

1 

20 



d. 

1 

12 

240 



qr. 

4 

48 

960 



Note. — English Money is the National Currency of Great Britain. 



24 Grains (gr.) 
20 Pennyweights 
12 Ounces 



6§. TROY WEIGHT, 
make 



lb. 
1 



oz 

1 

12 



u 



1 Pennyweight, dwt. 
1 Ounce, oz. 
1 Pound, lb. 



dwt. 

1 
20 ' 
240 



24 

480 
5760 



Note. — Troy weight is used "in weighing gpU silver and ( redov* 
iU'-ncs. 



M 
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69. APOTHECARIES' WEIGHT. 





20 Grains (gr.) 


make 


1 Scruple, 


a 






3 Scruples 


u 


1 Dram, 


3 






8 Drams 


a 


1 Ounce, • 


s 






12 Ounces 


u 


1 Pound, 

8C. 


lb. 








dr. 


1 


ns 


20 




01. 


1 


= 8 


zs^ 


60 


%. 


1 = 


8 


= 24 


zi^ 


480 


1 


= 12 = 


96 


= 288 


^^^ 


5760 



KoTB ] . ^- Medicines are mixed or oonnpounded by this weight, bat are 
■SBallj' bo^^isht and sold by Avoirdupois weight 

KfOTiB 9 — The pound, ounce and grain in Apothecaries' and Troj weight 
are equals ^ ±i the ounce is differently subdivided. 

70. AVOIRDUPOIS WEIGHT. 



16 Drams (dr.) 


make 


1 Ounce, 




oz. 


16 Ounces 


a 


1 Pound, 




lb. 


i5 Pounds 


a 


1 Quarter, 




qr.- 


4 Quarters 


u 


1 Hundred Weight, 


cwt. 


20 Hundred Weight 


u 


ITon, 




t. 




1 


oz. 




dr. 




lb. 


1 




16 


qr. 


1 


= 16 


^zz 


256 


cwt. 1 


= 25 


= 400 


— 


6400 


t 1 = 4 


= 100 


= 1600 




25600 


1- = 20 = 80 


= 2000 


= 32000 




512000 



Note I. — The coarser articles of merchandise, such as hay, cotton, tea^ 
ingar, copper, iron, etc., are weighed by Avoirdupois weight. 

Note 2. — It was the custom, formerly, to consider 28 lbs* a quarter, 
112 lbs. a cwt., and 2240 lbs. a ton; but now the usual practice is ii 
accordance ^vith the table. 

These different tons are distinguished as tlie hng or gross ton = 2240 Ibn., 
and the shm-i or n«< ton = 2000 lbs. 

Note 8. — A pound in Avoirdupois weight is equal to 7000 grains in 
Apothecaries' or Troy weight. 
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71. CLOTH MEASURE, 

2^ * Inches (in.) * make 1 Nail, na. 

4 Nails " 1 Quarter, qr. 

4 Quarters ^ 1 Yard, yd. 

na. in. 

qr. 1 = 2J 

yd. 1 = 4=9 

1 = 4 = 16 = 86 

Note. — Cloths of every descrintioD, ribbons, braids, etc. are meosuzxid 
by this measure. 

72. LONG MEASUKE. 



^ 


Jt5arleycoi 


US (D. 


C) ] 


EUaKC 


1 incn, 






in. 


12 


Inches 






u 


1 Foot, 






fl 


8 


Feet 


• 




ii 


1 Yard, 






yd. 


6J 


Yards or 


16i Feet, 


u 


1 Rod, 




• 


rd. 


40 


Rods 






u 


1 Furlong, 






fur. 


8 


Furlongs 






u 


1 Mile,. 






m. 


8 


Miles 






u 


1 League, 






1. 


69^ 


Statute Miles, o 


learly 




1 Degree on Circ of the Karth, 1* 


860 


Degrees 






u 


1 Circumference, 




circ 














in. 




b.c. 










■ 


ft. 


1 




8 










yd. 


1 


= 12 




86 






rd. 




1 


= 3 


= 86 




108 




ftir. 


1 




5i- m 


= 198 


z=^ 


594 


m. 


1 = 


: 40 




220 


= 660 


= 7920 


— 


23700 


1 : 


= 8 = 


:320 


= 1760 


= 5280. 


— 63360 


._ , 


190080 , 



Note. — This measure is used in measuring distances, i. e. where length 
Is required without regard to breadth or thickness. 

^ Expressions like i, |, etc. are called fractions, i := one fowrOt ; | =• 
liro thirds; 2^ = two and one-fourth. The princi]ilcs of fractions will ba 
diicassed in §§ 10 and 11. 
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73, CHAIN MEASURE. 



7^o'j Inches (in.) 


make 


1 Liijk, 




H 


25 Links 






M 


1 Rod, Perch or 


Pole, 


1X1. 


4. Rods 






U 


1 Chain, 




ch. 


10 Chains 






U 


1 Furlong, 




fur. 


•8 Furlongs 






u 


1 Mile, 

li. 
rd. ' 1 




ID. 

in, 
7M 






ch. 




1 = 25 


- 


198 


fiir. 




1 


^*"~ 


4 — 100 




792 


m. 1 


, 


10 


— 


40 — 1000 


— 


7920 


1 = 8 




80 


=51 


320 — 8000 




63360 



KoTB. — This measure is used hj engineers ip measuring roads, canali 
etc ; also bj surrejors in measuring the boundaries of fields. 



74. SQUARE MEASURE. 



make 



144 Square Inches (sq. in.) 

9 Square Feet 
30 J Square Yards or) 
272| Square Feet j 
40 Square Rods 

4 Roods 
640 Acres 

(a) Also, in Chain Measure, 

10000 Square Links or ) , 

^ ^ make 



u 
u 

u 
u 
u 



16 Square Rods 
10 Square Chains 



} 



a. 

«q. ml 1: 

1=640: 



r. 

1: 

: 4: 

:2560: 



sq. rd. 
1: 

: 40= 

: 160= 
:102400: 



u 



sq. yd. 
1: 
: 30^: 

: 1210: 
: 4840: 
:3097600: 



1 Square Foot, sq. ft 

1 Square Yard, sq. jd» 

1 Square Bod, sq. rd. 

1 Rood, r. 

1 Acre, a. 

1 Square Mile, sq. m. 



1 Square Chain, sq. ch. 
1 Acre, a. 



sq. ft. 
1: 
: 9: 

272J: 
: 10890: 
: 43560: 

:27878400: 



sq. m. 
: 144 

: 1296 

: 39204 

: 1568160 
: 6272640 
:4014489600 



Note 1. — This measure is used in measuring surfaces. 
NoTB 2. — In measuring land, surveyors use a 4-rod cliain composed of 
100 links. Sometimes the half-chain of 50 links is used. 
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11 


12 


13 


14 


15 


6 


7 


8 


9 


10 


1 


2 


S 


4 


5 



B 



75* The manner of determining the area of a surface like the 
marginal figure, may be understood from the following expla- 
nation. Let AB repre- 

^ ' ^ Bent (on a reduced scale/ 

a line 5 inches in length * 

g h then, evidentlj, if we paaf 

from A to e, a distance of 

e t' 1 inch, and draw the line 

e f, the figure A B f e will 
contain 5 square inches, 
i.e. 5 X 1 square inches. 
In like manner AB hg will contain 10, or 5 X 2 square inches ; 
and A B C D will contain 15, or 5 X 3 square inches ; L e. we 
multiply the numbers expressing the length and breadth together, 
and the product will be the number of square inches in the 
surface. 

(a) Likewise, the area divided by the length will give the 
breadth, and the area divided by the breadth will give the length , 
thus, 15 -1. 5 = 3, and 15 -s- 3 = 5. 

76. SOLID OR CUBIC MEASURE. 



1728 Cubic Inches (c. in.) 
27 Cubic Feet 
40 Cubic Feet 
J 6 Cubic Feet 

8 Cord Feet or > 
128 Cubic Feet j 



make 

a 
u 
u 



GQ. ft* 

c. yd. 1 = 

1 = 27 = 



1 Cubic Foot, cu. ft. 

1 Cubic Yard, c yd, 

1 Ton of Timber, t 

1 Cord Foot, c ft. 

1 Cord, a 

c. in. 
1728 
46656 



Note. — This table is used in measuring things which have length, 
breadth and thickness. 



77. To determine the contents of a body in the form of 
the following figure, first find the area of the upner surfaoa 

4* 
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A B C D, as in Art 75 ; then going from A, B and C down- 
ward 1 inch to a, b and c, and passing a plane through a, b and 
C we shall cut off 15 solid inches, i. e. 5 X 3 X 1^ solid inches 

D C 





y / * t / / 

X / / / / / 


c 

f 

• 

1 

6 


y 


^ / / -' -' /I / 


^. 


/ 


. — — - — — . — - -- 






i i ! i * 

1 1 { 1 


A y 
/ 1/ 

'W 

/ 1 A 


d 





{ 1 1 

i ! ! ^ * 

ill 
1 J 1 • 


ill' 

1 ! ! I • 


1/ 

y ■ 


E 




I 


^ 



So if a plane be passed through d, e and f, it will cut off 30, ofi 
5x3x2 inches, etc. ; i. e. the continued product of the 
numbers expressing the length, breadth and depth, will give the 
Golid contents. 

(a) So, also, the solid contents divided by the area of the to^ 
Sace will give the depth. 
What are the solid contents of the above figure ? 



78. LIQUID MEASURE. 



4 GiUs (gi.) 
2 Pints 
4 Quarts 



gal. 
1 = 



make 



qt. 
1 

4 



1 Pint, 
1 Quart, 
1 Gallon, 

pt. 

1 = 

2 = 
8 = 



pt. 
qt. 

gal. 

gi- 
4 

8 

32 



Note 1. — > This table is ased in measuring all liquids. The gallon ii 
she unit 
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NoTS 2. — A gallon of oil, vinegar, cider, wine, brandy and other 
ipirits, contains 231 cubic inches. 

Note 3. — A gallon of milk, or of beer or other malt liquors, contain* 
^82 cubic inches. 

NoT£ 4. — Vessels of various capacities from 50 to 150 or mojre gallona, 
ire indiscriminately called hogsheads, pipes, butts, tons, etc 

79. DRY MEASURE. 

2 Pints (pt.) make 1 Quart, qt 

8 Quarts " • 1 Peck, pk. 

4 Pecks « 1 Bushel, bush. 

qt. pt. 

pk. 1=2 

bush. 1 = 8 = 16 

1 = 4 = 82 = 64 

Note 1. — This table is used in measuring grain, fruit, potatoes, char- 
eoal, etc. 
NoTB 2. — A bushel is equal to 2150| cubic inches, nearly. 



80. TIME. 




60 Seconds (sec) make 


1 Minute, m. 


60 Minutes « 


1 Hour, h* 


24 Hours « 


1 Day, d. 


7 Days « 


1 Week, wk. 


4 Weeks « 


1 Lunar IVIonth, 1. m. 


13 Months, 1 Day and 6 Hours " 


1 Julian Yeai', J.yr. 


12 Calendar Months (— 305 or 366 Days), 


, 1 Civil Year, c. yr. 




m. sec. 


h. 


1 = 60 


d. 1 — 


60 — 3600 


wk. 1—24 — 


1440 — 86400 


l.m. 1 — 7 — 168 — 


10080 = 604800 


j.TT. 1 — 4 = 28 — 672 — 


40320 — 2419200 



1 = 13rf^ = 52^5 = 365 J = 8766 = 525960 = 31557600 

(a) The twelve calendar months have the following number 
of days : January (Jan.) has 31 days ; February (Feb.), 28 ; 
March (Mar.), 31 ; April (Apr.), 30 ; May, 31 ; June, 30 ; 
July, 31 ; August (Aug.), 31 ; September (Sept.), 30 ; Ocloher 
(Oct.), 31 ; November (Nov.), 30 ; December (Dec), 31. 

Note. — In leap year February has 29 days. 
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(b) The number of days- in each month may be easily remein- 
'^red by committing the following lines : — 

" Thirty days hath September, 
April, June and November ; 
All the rest have thirty-one, 
Save the second monUi alone, 
Which has just eight and a score 
Till leap year gives it one more." 

^81. CIECULAB AND ASTBONOMIQAL MEASUBE. 

. 60 Seconds (60*) ' maJke 1 Minute, 1' 

60 Minutes « 1 Degree, 1* 

80 Degrees " l.Sign, 8. 

12 Signs •* 1 Circumference, circ. 







• 






1' 


' 


6<r 




■. - 


i 


V 


s^ 


60 




8600 


cire. 


1 


= 


80 




1800 




108000 


1 = 


12 


— ' 


860 


^^^^ 


21600 


^^^^ 


1296000 



Note. — This table is much used in trigonometrical and astronomical 
ralcnlations. 

§3. MISCELLANEOUS TABLE. 

12 Single Things^ make 1 Dozen. 

12 Dozen " 1 Gross. 

12 Gross ^ 1 Great Gross. 

20 Single Thmgs « 1 Score. 

112 Pounds << 1 Quintal of Fish. 

196 Pounds «* 1 Barrel of Flour. 

200 Pounds ^ 1 Barrel of Beef or Poit 

24 Sheets ^ 1 Quire of Paper. 

20 Quires « 1 Ream. 

Note. — This table may be extended indefinitely. 

83* A sheet folded in 2 leaves is called a folio. 

" « " « 4 « « « a quarto or 4to. 
« « « « 8 « « « an octavo or Svo. 
u a ,a « 12 « « « a duodecimo or I2mo 
^ ^ « « 18 « *« « an 18mo. 
« « a « 24 « "* " a 24mo. 
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§8. REDUCTION. 

84r«. Reduction is changing numbers of one denominatior 
U. those of another, without changing their value,* 

It ia of two kinds, viz., Iteduction Descending and deduction 
Ascendinj. 

8«S* Beduction Descending consists in changing nnmbcn 
from a higlier to a hiber denomination* 

80. Reduction Ascending is changing numbers from SLlowet 
to a higher denomination. 

87. Reduction Descending is performed by muUiplica- 
tion ; thus, to reduce 15£ to shillings we multiply 15 by 20, be- 
cause there will be 20 times as many shillings as pounds. So to 
reduce 15£ and 12s. to shillings, we multiply 15 by 20, and to 
the product add the 12s. 

In a similar manner all such examples are reduced. Hence, 
To reduce the higher denominations of a compound number to 
a lower denomination, 

Rule. — Multiply the highest denomination given, hy the nun^ 
her it tqkes of the next lower denomination to make one of thiz 
higher, and to the product add the number of the lower denominch 
tion ; multiply this sum hy the number it lakes of the nex^ lower 
denomination to make one of this ; add as hef ore, and so pro* 
cud tiU the number is hrought to the denomination required. 

Ex. 1. Reduce 11£ 17s. 9d. Sqr. to ftrthings. 

OPERATION. 

11. 17. Vm S* , ' -»rk/\ • 

2 Eleven pounds == 220s., and 

the 178. added, make 237s. = 

2 3 7 8. • 2844d., and the 9d. added, give 

L^ 2853d. = 11412qr., which, in- 

2 8 5 3d. creased by the 3qr., give 11415 

4 qr., the answer. 



11415 qr., Ans. 



* Redaction, with merchants, means a dimmution of the price of aa 
article. 
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2. leduce 7 l.ra. 3wk. 5d. 19h. 53in. 45sec. to seconds. 

Ans. 19252425 sea 

3. Bctduce 53bu?h. 3pk. 7qt. Ipt. to pints. 

4. Reduce 4c. yd. 24c. ft. 1695c. in. to inches. 

5. Reduce 67t. 17cwt. 2qr. 23 lb. 14oz, lldr. to drams. 

6. Reduce 17lb. 10§. 73. 29. 19gr. to grains. 

7. Reduce 2731b. lloz. 19dvvt. 21gr. to grains. 

8. Reduce 87yd. 3qr. 2na. to nails. 

9. Reduce 69m. 5fur. 37rd. to rods. 

10. Reduce 5 yd. 2ft. 7in. 2b. c to barleycorns. 

11. Reduce 7m. 7fur. 9ch. 3rd. 211i. to links., 

1 2. Reduce 37sq. m. 637a. 3r. 37sq.rd. to square rods. 

13. Reduce 14c. 7c. ft. 15cu.ft. 1716 cu. in. to cubic inches. 

14. Reduce 15gal. 2qt. Ipt. 3gi. to gills. 

15. Reduce 14circ 7s. 17° 57' 14" to seconds. 

16. Reduce 6 I.m. 2wk. 18h. 47 sec. to seconds. 

17. Reduce 4m. Sch. 2rd. to links. 

18. Reduce 14t. 241b. to ounces. 

88. Reduction Ascending is performed by division, 
thus, 

Ex. 1. To reduce 11415 farthings to pence, we divide the 

11415 by 4, because there will be only one-fourth as many pence 

as farthings. Performing the division we obtain 2853d. and a 

remainder of 3qr. K we wish to reduce the 2853d. to shillings, 

we divide by 12, because there will be only one-twelfth as many 
shillings as pence, and obtain 237s. and a remainder of 9d! 

Again the 237s.. may be reduced to pounds, by dividing by 20, 

giving 11£ and a remainder of 17s. Thus we find that 

11415qr. are equal to 11£ 17s. 9d. and 3qr. Like reasoning 

applies to all similar examples. Hence, 

To reduce a number of a lower denomination to numbers of 

higher denominations. 

Rule. — Divide the given number hy the number it takes of 
that denomination to make one of the next higher ; divide the 
quotient hy the number it takes of that denomination to make 
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one of the next higher^ and so proceed hU ike number is brought 
to the denomination Required. The Uxt quotient, together with 
the several remainders (50) wiU h^ iJie answer. 

89. deduction Ascending and Eeduction Descending prore 
each other. 

Ex. 2. Eeduce 19252425 seconds to numoers of hlghei 
denominations* Ans.71.m. Swk. 5d. 19li. 53m. 45sec. 

0PERATI017. 

6 0) 19 25 2 42.5 
60) 32087.3 . ..45sec 
54 = 8X3. 8) 5347 . ..53nL 

3)668. ..8 

7)222...2...3 + 2x8 = 19lL 
4)31,..5d. 
1. m. 7 • • . 3 wk« 

« 

First divide by 60 (58, b) to reduce the seconds to minutes , 
flicn divide by 60 to reduce minutes to hours ; then by 24, L e* 
fxj 8 and 3 (56 and 57), to reduce hours to days ; etc. 

8. Reduce 3455 pints, dry measure, to higher denominations* 
4. Beduce 229791 cubic inches to feet and yards. 
6. In 34758123 drams, how many tons, cwt. etc. ? 

6. In 103199 grains, Apothecaries' weight, how many lbs. etc? 

7. In 1578237 grains Troy, how many tt)s. etc? 

8. In 1406 nails how many yards ? 

9. Reduce 22317 rods to miles. 

to. Reduce 635 barleycorns to yards. 

11. Reduce 63996 links to miles. 

12. Reduce 3890877 square rods to miles. 

13. Reduce 3317748 cubic inches to cords. 

14. How many gallons m 503 gills ? * • 

15. How many circumferences in 18964634 seconds ? 

16. How many lunar months in 15789647 secondB? 
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17. How many miles in 32850 links? 

18. How many tons in 448384 ounces? 

Note. — This subject will receive further attention in the sections 
Fractions. 



I 9. SIGNS, DEFINITIONS AND GENERAL 

PRINCIPLES. 

00. The sign of inequality, ^ or <^,' signifies that the 
number at the opening of the sign is greater than that at the 
vertex ; thus, 5 -|- 3 ]> 7, i. e. 5 and 3 are greater than 7. 

Again, 7 — 5 <[ 4, i. e. 7 minus 5 is less than 4. 

• 

01. Parenthesis, ( ), indicates that all the numbers within 
it are to be subjected to the same operation ; thus, (8 -|- 4) X 3 
= 24 + 12 = 36 ; also, (15 — 6) ^ 3 = 5 — 2 = 3. 

Note. — Without the parenthesis, the $rst example would stand thus . 
8 + 4 X 3 = 8 + 12 = 20, i. e. the sign of multiplication would not 
affect the 8. So in the second example, if the parenthesis be removed, the 
lign of division will not affect the 15. 

. (a) A vinculum, , placed over several numbers, performs 
the same office as the parenthesis, and, in anj example where 
their aid is needed, either may be used ; thus, 

(8 + 5) X3 = 8 + 5 X3 = 24+15 = 13X3 = 39; also. 

(56 — 12)^4=^6 — 12 4-4=14 — 3 = 44^4 = 11. 

Note. — The numbers in parenthesis or under a vinculum may be taken 
separately, or they may first be unifee? and tlien the result may be multiplied 
or divided, as in the above examples. 

03* All numbers are even or odd. 

(a) An even number is divisible by 2 without a remainder 
iia»2, 4, 12, etc. 

{b) An odd number is not divisible by 2 without remainder 
«8, 1, 3, 7» 15» etc. 



AND GENERAL PBINCIFLBS. it 

93. All numbers are concrete or abstract. 

^ {a) A number that is applied to a particular object, is con- 
irete ; as, G hooks^ 11 men^ 25 horses^ 4 hushehj etc* 

' (b) A number not applied to any particular object, is cibstrixet ; 
as, 6, 1 1, 25, 4, etc 

94. All nuoibers are prime or composite. * 

(a) A prime number can be divided by no whole number 
except itself and unity; as, 1, 2, 3, 5, 7, 11, 19, etc 

Note 1. — Two is th« 6nly even prime nnmber, foe all even numben arc 
livisible by 2. 

N JTE 2. — Two numbers are mutucdly prime when no whole nmnber bui 
yne will divide each of them ; thus, 7 and II are mutually prime ; so, also^ 
4 and 16 are mutucdly prime, although oeithw 9 nor 16 is abtahudy prime. 

(b) A composite number (Art 43) can be divided by other 
numbers besides itself and unity; as, 4 = 2 X 2, 6 = 2 X 8» 
8 = 2X4 = 2X2x2, 15 =3X5, etc 

KoTB 1. — A composite number which is composed of atiif number of 
9QUAL factors is called a power, and liie equal factors ace called the roots 
oi the power , thus, 9, which equals 3 X 8, is the second power or square 
of 3, and 3 is the second or square root of 9 ; 27, which equals 3 X 3 X 3, if 
the third power or cube of 3, and 3 is the third or cuhe root of 27 ; etc. 

Note 2. — The power of a number is usually indicated by a figure, 
called an index or exponent, placed at the right and a little above the 
number ; thus, the second power of 4 is written 4^, which equals 4 X 4 sa 
16 ; the f Aire? power of 4 is 4', which equals 4 X 4 X 4 =s 64 ; etc. 

KoTB 3. -» A root is indicated by a fractional exponent or by the radical 
sign, v^ ; thus, the second or square root of 9 is written 9^ or v^9, either of 
which expressions is equal to 3, i. e. the square root of 9 is one of the tu>o 
equal factors of 9 ; the third or cube root of 64 is 64^ or 4/64, which equala 
*, one of the three equal factors of 64 ; etc. 

Note 4. — ^ The third and higher roots require a figure over the radicai 
sign. 

Note S. — Every number is considered to he both the first power and t e 
first root of itself 

95. All composite numbers are perfect or imperfect, 

(a) A perfect number is equal to one half the sum of all i'a 
Integral factois ; thus, 28 is a perfect number, for the sum of i«8 
&etor^ 1 + 2 + 4 + 7 + 14 4-28 = 56 = 2X 2a 

5 



9€»n l.^An As iMrfed nabn Inovman 1, 6, S8, 496, 8118| 
93550396, 858M69066, 137438691328 and S3058430061399SS188. 
KiiTB 1. — An knows perfect «BBba% eseqil 1, cad whli 6 or 28. 

(b) An im^pafttt nmnber is imC eqpJ to one half the sum of 
its lacton ; thns, 8 is an imperfect nmnber, fiir the smn of ifn 

fiMtoRB» 1 + 2 + 4 + 8 = 15 < 2 X ^ 

9tt» Aix i mpe r fe c t nomberg are db mmdvmi or iefttdot. 

(a) An aftiwAnil number is one the som of whose fiulofs la 
§nater than twice the number; tfaosy 12 is an abondant number^ 
far the som of its fiustofs, 1 + 2 + 8 + 4 + 6 + 13 = 28 > 

2 X 12. 

(b) A defedive nomber is one the som of whose fiictcrs is fass 
than twice the nmnber; thos, 16 is a defectiTe number, fos 
1 + 2 + 4 + 8 + 16 = 81 <2X 16. 

VTt The fadon of a nmnber are ttM)8e nmnbers whose con* 
tinned product is the nmnber; thns, 8 and 7 are the« fisMStars of 
21 ; 8 and 6, or 8, 8 and 2 are the fectors of 18; etc. 

(a) The prime fiictora of a nmnber are those prime nmnbers 
whose continued product is the nmnber ; thus, the prime fiictora 
of 24 are 2, 2y 2 and 8 ; the prime Actors of 86 are 2, 8» 
8imd8; etc. 

KiOCB. — Since 1, as a ftctor. Is iisdets, it is not here emunenited. 

OSb An aUquot part of a quantity is that which is contained 
in the quanti^ an exact number of times ; thus 12^ cents, 20 
cents, 25 cents, d^ cents, etc. are aliquot parts of a dollar. 

99* An aliquant part of a quantity is not contained in that 
quanti^ without remainder.; thus, 12 cents, 28 cents, 75 cents^ 
etc. are aliquant parts of a dollar. 

] OO* A measure of any quantity is contained in that quantity 
ft certain number of times without remainder ; thus 8 is a meaa> 
nre of 6, and 8 of 24. 

101* A multiple of any quantity contains that qnantity • 
eertain number of times without remainder; thus, 15 is a mul 
lipl6of5,aiia21of8. 
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KoTs 1. — ^Meaanre and multiple are anrdative term$; L e., if one mnibar 
if a measiire of another, the 2d is necaaarili/ a mnltiple of the In ; thUy if 
8 is a measure of 12, then 12 is a multiple of 3. 

KoTB % — ^Ajneasiire is sometimes called a mdHmuUipU; tiinSy 3 is as«b> 
moltiple of 12. 

KoTS 3. — Every nxmheT ts taM&iend hcA a wuanare mid « wudtipU ^ 

103« A common fii€anfr0 of two or more nmnben is any fiiMi- 
ttr that wiU divide each of them without remainder; thusy 8 it 
ft common measure of 12, 18 and 80. 

103. The greatest eamman measure of two or more nmnbcri 
bthe^rrtfotol number that will measure each of them; thus, Gil 
the greatest common measure of 12, 18 and 80. 

104* A eammon multiple of two or more nuQubera^u any 
number that may be divided by each of them without remaindor; 
thus, 48 is a common multiple of 4, 6 and 8* 

10& The Uast eomnUm multiple of two or more numbers la 
the leiut number that is exactly divisible bj each of the given 

numbers ; thus, 24 is the least commcm multiple of 4, € and 8. 

• 
KoTB 1. — ^Least common measore^ and greatest common multiple, an 

absurd expressions. 

NoTX 2. — The terms diTisor, fS^tor, measure, sub-multiple, component 
part, and aliquot part, hare a kindred signification. 

100. The reciprocal of a number is the quodent whicli 
•rises from dividing a unit bj that number ; thus, the redprocala 
of4,9and 12are j^, ^and^. * 

Problem 1. 

107* To find all the prime numbers from 1 up to any giv«n 
number, 

RiTLE.— IFrtle the odd numbers in the order of their values^ 
hsgbmintwiAli Mms, 1» 8» 6» 7, 9, ete. Writs'S mder soer^ 
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« 
td number after 3, 5 under every 5th after 5, 7 under every 7ih 
tfter 7, etc. Those numbers having no figures placed under 
theniy together with 2y wiU he aU the prime numbers^ so far as i^ 
\able is extended^ 

Example. What arp the prime numbers &om 1 to d5 ? 
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 

8 84S 8.7 

25, 27, 29, 31, 83, 35, 87, 39, 41, 48, 45. 

6 8.9 8U 5.7 8.13 16.8^.9 

Ans. 1, 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41 and 43L 

The reason of this rule is obvious. The 3d number from 8 
is formed by adding 2 to 3, 3 times, i. e., by adding twice 3 to 
8 ; hence the sum, 9, is divisible by 8, and is .'. not prime ; also^ 
the 8d number from 9 is formed by adding twice 8 to 9, and so 
on ; hence every 3d number from 8 is composite. In like mao- 
ner, the 5th number from 5 is formed by adding twice 5 to 5, 
and is .*. divisible by 5, and also by 3, etc., etc 

(a) Not only does this process point out the prime numbers, 
but it also gives^ the factors of the intervening odd composite 
numbers ; thus, under 9 is 3, one of the factors of 9 ; under 15 
are 8 and 5, factors of 15 ; under 45 are 15 and 8, also 5 and 9, 
L e., two sets of £eictors of 45, and if either of these sets (e. g. 
15 X 8 = 5 X 3 X 3) be factored, we have aU the prime fac* 
tors of 45. 

Note 1. — This mode of finding the prime nnmbeiv was invented by Era- 
tosthenes, a Cyrenian Greek, an eminent mathematician in the times of the 
Ptolemies, who, having written the odd numbers as above, cut out every 3d 
number from 3, every 5th from 5, etc., and, as tliis gave to his slicet a strong 
resemblance to a common sieve, it was called ** tliO sieve of Eratosthenes." 

Note 2. — The process for finding prime numbers becomes very tedioni 
when rarricd to a great extent ; hence, analysts have sought a general for* 
cmla fot \hd purpose, bat their efforts, hithertO; have been fruitless. 



/ 



AND OXKSBAI. FRIKCIPLB8. S3 

TABLE OF PRIME NUMBEBS FROM 1 TO 8407. 



1 

2 

8 

5 

7 

11 

13 

17 

19 

23 

29 

81 

87 

41 

43 

47 

53 

69 

61 

67 

71 

73 

79 

83 

89 

97 

101 

103 

107 

109 

113 

127 

131 

137 

139 

149 

151 

157 

1G3 

167 



173 
179 
181 
191 
193 
197 
199 
211 
223 
227 
229 
233 
239 
241 
251 
257 
263 
269 
271 
277 
281 
283 
293 
307 
311 
313 
317 
331 
337 
347 
349 
353 
359 
367 
373 
379 
383 
380 
397 
401 



409 
419 
421 
431 
433 
439 
443 
449 
457 
461 
463 
467 
479 
487 
491 
499 
503 
509 
521 
523 
541 
547 
557 
563 
569 
571 
577 
587 
593 
599 
601 
607 
613 
617 
619 



659 
661 
673 
677 
683 
691 
701 
709 
719 
727 
733 
739 
743 
751 
757 
761 
769 
773 
787 
797 
809 
811 
821 
823 
827 
829 
839 
853 
857 
859 
863 
877 
881 
883 
887 



6311307 
641'911 
643 919 
647 929 
653 937 



941 


1228 


1511 


1811 


947 


1229 


1523 


1823 


953 


1231 


1531 


1831 


967 


1237 


1543 


1847 


971 


1249 


1549 


1861 


977 


1259 


1553 


1867 


983 


1277 


1559 


1871 


991 


1279 


1567 


1873 


997 


1283 


1571 


1877 


1009 


1289 


1579 


1879 


1013 


1291 


1583 


1889 


1019 


1297 


1597 


1901 


1021 


1301 


1601 


1907 


1031 


1303 


1607 


1913 


,1033 


1307 


1609 


1931 


1039 


1319 


1613 


1933 


1041) 


1321 


161'9 


1949 


1051 


1327 


1621 


1951 


1061 


1361 


1627 


1973 


1063 


1367 


1637 


1979 


1069 


1373 


1657 


1987 


1087 


1381 


1663 


1993 


1091 


1399 


1667 


1997 


1098 


1409 


1669 


1999 


1097 


14'23 


1693 


2003 


1103 


1427 


1697 


2011 


1109 


1429 


1699 


2017 


1117 


1433 


1709 


2027 


1123 


1439 


1721 


2029 


1129 


1447 


1723 


2039 


1151 


1451 


1733 


2053 


1153 


1453 


1741 


2063 


1163 


1459 


1747 


2069 


1171 


1471 


1753 


2081 


1181 


1481 


1759 


2083 


1187 


1483 


1777 


2087 


1193 


1487 


1783 


2089 


1201 


1489 


1787 


2099 


1213 


1493 


1789 


2111 


1217 


1499 


1801 


2113 



2129 
2131 
2137 
2141 
2143 
2153 
2161 
2179 
2203 
2207 
2213 
2221 
2237 
2239 
2243 
2251 
2267 
2269 
2273 
2281 
2287 
2293 
2297 
2309 
2311 
2333 
2339 
2341 
2347 
2351 
2357 
2371 
2377 
2381 
2383 
2389 
2393 
2399 
2411 
2417 



2423 
2437 
2441 
2447 
2459 
2467 
24?3 
12477 
2503 
2521 
2531 
2539 
2543 
2549 
2551 
2557 
2579 
2591 
2593 
2609 
2617 
2621 
2633 
2647 
2657 
2659 
2663 
2671 
2677 
2683 
2687 
2689 
2693 
2699 
27T)7 
2711 
2713 
2719 
2729 
2731 



12741 

; 2749 
2753 
2767 
2777 
2789 
2791 
2797 
2801 
2803 
2819 
2833 
2837 
2843 
2851 
2857 
2861 
2879 
2887 
2897 
2903 
2909 
2917 
2927 
2939 
2953 
2957 
2963 
2969 
2971 
2999 
3001 
3011 
3019 
3023 
3037 
3041 
3049 
3061 
3067 



3079 

3083 
3089 
3109 
3119 
3121 
3137 
3163 
3167 
3169 
3181 
3187 
3191 
3203 
3209 
3217 
3221 
3229 
3251 
3253 
3257 
3259 
3271 
3299 
3301 
3307 
3313 
3319 
3323 
3329 
3331 
3343 
3347 
3359 
3361 
3371 
3373 
3389 
3491 
3407 
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Froblsm 2. 

108* To resolye a number into its prime fiictoTSi 

HuLE.- 'Divide the given number hy any prime number greaUar 
ihan one, that will divide it ; divide the quotient as before^ and 
$0 on tin the quotient is prime. 2%e several divisors and lasi 
quotient will be the prime factors sought 

Ex. 1. What are the prime fiictors of 30 ? Ana. 2, 8 and & 

OPERATION. 

.2)30 It is inmiaterial in what order the prime fae* 

tors are taken, though it will usually be most 
oonyenient to take the smaller fiictors first. 
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2. Resolve 96 into its prime factors; Ans. 2, 2, 2, 2, 2 and 8. 

3. Resolve 180 into its prime fiictors. Ans. 2, 2, 3, 3 and 5. 

4. What are the prime factors of 7684? Ans. 2, 2, 17 and 118. 

5. What are the prime factors of 242550 ? 

6. What are the prime factors of 1801800? 

Problem 3. 
MO. To find aU the integral factors of a number, 

Rule. — 1. JResohe the number into its prime factors, 

2. Form a series * of numbers by writing 1 and the Ist^ 2^ 
ete^y powers (94, b, Note'l) of some one of the prime factors up 
to the highest power of fkaJt factor contained in the given number* 
Do the same with each of the different prime factors, 

3. MuUiply the terms of one of these series hy the terms of 
aswther, term hy termj and keep the terms^of the product separate; 
then mtdtiply the terms of this product hy the terms of another 
series, and so on until each series has been employed The terms 

* Three or more numbers in succession, such that each succeeding num- 
ber is formed from one or more of the preceding, in accordance with soma 
flx0d law, constitute a $erie». The several numbers forming the'seriei ui 
Iba tencM of the series. 
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9/* the but. product w%U be all the divis&n of As given n 
her. 



1. Find all the integral Actors of 86. 

86 = 2* X 39 

1st series = 1, 2, 2* = 1,2,4 
2d series = 1, 8, 8* = 1,8,9 

l^noduct of the two series =: 1, 2, 4, 8, 6, 12, 9, 18, 36, Ans. 

The truth of the rale is obvious. All the prime factors of the 
cumber are taken, and they are also miiltipUed together in eveiy 
possible waj, two factors at a time, three at a time, etc, and heooe 
every possible &ctbr of the number is found. 

2. Find the divisors of 1800. 

1800 = 23 X 3« X 5*. 

Ist series = 1, 2, 4, 8 

2d series = 1, 3, 9 



Prod, of Ist and 2d series = 1, 2, 4, 8, 8, 6, 12, 24, d, 18, 86, 72 
8d series = 1, 5, 25 ^ 

(1, 2, 4, 8, 3, 6, 12, 24, 9, 18, 86, 
72, 5, 10, 20, 40, 15, 30, 60, 
120, 45, 90, 180, 360, 25, 50, 
100, 200, 75, 150, 800, 600, 
225, 450, 900, 1800, Ans. 

NoTx. ^ This rule is very oonTenient !c redaciiig tiiA higher eqnatioiis 
in Algebra. 

3. What are the divisors of 144 ? 

4. What are the di visors of 500 ? 

Problem 4. 

1I0« To find the greatest common measure of tro or more 
numbers. 

Rule 1. — Resolve each nurnber into its prime factorsy and 
the continfied product of aU the prime factors that are common 
to all the fpxen numbers ^fiU be the common measure sought. 



Ex. 1. Wlial 18 the greatest oominoii measure of 18, 30 and 
48 ? Ans. 2X3 = 6. 

orssATiov. We see that 2 and 3 

18 = 2 X 3 X ^ ^^^ factors common to all 

30 = 2 X 3 X ^ ^^ numbers, and, fnrther- 

48 = 2x3X2x2x2 more, they are the only 

common £iEu:tors; hence 
their product, 2 X 3 = 6, is the greatest oonunon measure of 
che given numbers. 

2. What is the greatest conmion measure of 60, 72, '48 and 
S4? Ans.2aX 3 = 12. 

opsaATiox. Although 2 is a &ctai* 

60 = 2x2X3x^ ^"^^^ ^^^^^ ftTice in some 

72 = 2x2x2x3x^ of the given numbers, yet, 

48=:2X2x2x2x3 asitisa factor only twice 

84 = 2X2X3X7 in others^ we are at liberty 

to take 2 6ti^ twice in find« 

ing the greatest common measure. The same remark applies 
to other fisu^tors. 

3. What is the greatest common measure of 30, 90, 120, 210 
and 60 ? Ans. 2 X 3 X 5 = 30^ 

4. Find the greatest common measure of 25, 75, 90, 85, 100 
65, 125 and 250. Ans. 5. 

5. Find the greatest common measure of 42, 63, 105, 147, 
189 and 168. 

6. Find the greatest common measure of 72, 120, 144, 168; 
and 48. 

(a) When the given numbers are not readily resolved into 
their prime factors, their greatest common measure may be more 
easily found by 

Ruj.E 2. — Divide the greater of two numbers by the less, and^ 
if there be a remainder, divide the divisor by the remainder^ and 
continue dividing the last divisor by the last remainder until 
nothing remains ; the last divisor is the greatest common MM^um 
qf the Hpo numbers. 



AMD aEKESAL PBIH0IPLS8. 57 

If mare than two numbers are giveUj find the greatest measurt 
rf two of them^ then of this measure and a third number, and so 
an until all the numbers have been taktn ; the last divisor will bs 
A§ measure sought* 

7. What is the greatest common measure of 14 and 20 ? 

Ans.S. 

OPEKATIOir. 

14)20(1 
14 

. 6)14(2 
12 

2)6(8 
6 • 



111. Before explaining this operation, four principles maj 
be stated, viz. : — 

(a) Every number is a measure of itself (101, Note 3). 

(b) If one number measures another, the 1st will measure 
1017 multiple of the 2d ; thus, if 3 measures 12 it will measure 5 
times 12, or any number of times 12. 

(c) If a number measures each of two numbers, it will meas* 
are their sum and also their difference ; thus, since 6 is contained 
in 30 five times, and in 12 twicey in 30 -j- 12 = 42, it will be 
contained 5 -j- 2 = 7 times, and in 30 -^ 12 = 18, it will be 
contained 5 — 2 = 3 times. • 

(d) Not onlj will the greatest conuiiOn measure of two num- 
bers measure their difference, but, unles one of the numbers is a 
multiple of the other, it will also meas ^ the remainder, afler 
one of the numbers has been ta&en frc 1 the other, as manj 
times as possible ; thus, the greatest measi re of 6 and 22 will 
measure 22 — 3 X 6 = 4. 

113. It may now be shown, 1st, that 2 is a common measure 
of 14 and 20, and, 2d, that it is their greatest common measure. 

1st 2 measures 6, .*. (Ill, b) 2 measures 6 X 2 = 12, and 
fill, c) 2 measures 2 -{- 12 = 14; again, since 2 measures 6 
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and 14 (111, c) it measures 6 -f- 1^^ = ^'^S i. e. 2 measures 14 
and 20. 

2d. The greatest measuiae of 14 and 20 (111, c) must measure 
20 — 14 = 6, .'. it cannot be greater than 6 ; again, the greatest, 
measure of 6 and 14 (111, d) must measure 14 — 6x2 = 2,.* 
the greatest Common measure of 14 and 20 cannot exceed 2, and, 
as it has been previously shown that 2 is a measure of 14 and 20, 
ii u their greatest metuure, 

A similar explanation is appbcable in all cases. 

113» It will be seen that, in finding the common measured 
14 and 20, we are led to find the measure of 6 and 14, then of 
2 and 6 ; i. e. in any example, we seek to find the measure of 
the remainder and divisor, then of the next remainder and 
divisor, and so on, until the greatest measure of the last remain- 
der, and the divisor which gave that remainder, is found, and 
this measure will be the greatest common measure of the two 
given numbers; thus, the question becomes more and more 
jimple as each successive step is taken in the operation. 

8. What is the greatest common measure of 270S8 and 3^912 ' 

Ans. 8. 

9. Find the greatest common measure of 437437 and 2018835. 

Ans. 91. 

10. Find the greatest common measure of 16, 24 and 36. 

Ans. 4 

« FIB8T OPBSATIOV. SECOND OPEBATIOK. 

16)24(1 24)36(1 

re Lf 

8) 6(2 12)24(2 

1^ 24 



Again, 8)88(4 Agam, 12)16(1 

82 1^ 

4)8(2 '4)12(3 

8 12 

.0 
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First find the measure of 16 and 24, viz., 8, and then find the 
measure of 8 and 36 ; or, first find the measure of 24 and 86, 
viz., 12, and then of 12 and 16; or, we might first find I he 
measure of 1 6 and 36, and then of that measure and 24. 

11. Find ihe greatest common measure of 9360, 437437 and 
S018835. Ans. 13. 

12. Find the greatest common measure of 1269729, 40540^ 
and 5816907, 

13. What is the greatest common measure of S liod 15 ? 

Ans. 1. 

14. What is the greatest common measu*^^ ji 8, 12 and 33 ? 

15. Find the greatest conmion measuiw >f 1181, 2741 and 
8413. 

Problem 5. ^, 

114* To find the least common multiple of two >3t more 
dumbers, 

Rule 1. — Resolve each number into its prime factarsj and th§ 
continued product of the highest powers ofaU the different prime 
factors contained in the given numbers^ vnd he the multiple 
ioughi. 

Ex. 1. What is the least common multiple of 24, 36 and 20 ? 
Ans. 2x2x2x3x3x5 = 2»X 3* X5 = 360. 

OPERATION. Since 360' contains all the 

24 = 2X2X2X3 factors of 24, 36 and 20, re- 
36 = 2X2X3X3 spectively, it, evidently, is di 
20 = 2 X 2 X 5 visible by each of those num 

bers. It, also, is evident that 
no number less than 360 will contain 24, 36 and 20, for if on^ 
of the 2's in the common multiple were omitted, it would noi 
contain 24; if one of the 3's, it would not contain 36 ; and if 
the 5 were omitted, it would not contain 20. 

2s What is the least common multiple of 6, 8, 12, 18 and. 24 ? 

Ans. 2» X 3» = 72. 
S. Find the least common multiple of 48, 96, 144 and 192. 
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4 Find the least oommon multiple of 83, 44 and 55. 

5. Find the least oommdh multiple of 8, 8, 27, 24^ 54, 48, 90 
and 45. 

6. Find the least common multiple of 18, 28, 56, 64 and 72. 

(a) The above rule is always applicable, but the same end 
nay sometimes be more easily attained by 

BuLE 2. — Halving get the given numbers in a /tiM, divide hg 
amg prime number that wiB divide two ot more of them, and set the 
fuaiients and undivided numbers in a Une beneath ; proceed mih 
ihis line as vfith the Jirst, and so continue until no two of the 
numbers can be divided by any number greater tJiOn one ; the 
eontitiued product of the divisors and numbers in the last Une wiU 
be the multiple sought. 

Thistle may be illustrated by the example already employed 
in explaining the first rule, viz., W]^t is the least oommon mul- 
tiple of 24, 86 and 20? 

Ans. 2X2X8X2X8X5 = 860. 

opEBATiox. If the process by the 1st rule be 

2)24, 86, 20 examined it will be seen that the fao- 
2 'i T2 18 To tor 2 is found 7 times in the given 

^ — numbers, and as 2 is taken but 8 

^ ) ^> ^* 5 times in finding the multiple, it is re- 
2 3 5 jected 4 times. By the 2d rule, also, 2 

is rejected 4 times, viz., twice in the 
1st division by 2 and twice in the 2d division by 2. The learner 
may think 2 is rejected 8 times in each of the two first divisions, 
but he must remember that the divisor, 2, is retained as a factor 
in the common multiple in each instance. 

Similar remarks are applicable to all rejected fisw^rs in lik» 
examples, .'. the two rules give identical results. 

KoTE. — The principle, which is the same in the two rolei, ii most readi^ 
perceived by the first operation. 

7. What is the least common multiple of 5, 16, 24, 82 and 48 7 



2)5, 


8, 


12, 16, 24 


2)6, 


*, 


8, 8,12 


2)5i 


2, 


8, 4, 8 


8)5, 


1, 


3, 2, 8 
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By BdB 1. ^ Ai26 % 

5 = 5 2)5, 16, 2 4, 8 2, 48 

16 = 2X2X2X2 
«4 = 2X2X2X3 

82 = 2X2X2X2X2 
48 = 2X2X2X2X8 



5, 1, 1, 2, 1 

8. What is the least common moUiple of 6, 8, 12, 18, 24, 181 
and 187? Ana. 1292184 

9. What is the least CQininoii multiple of 8, 15, 77 an4 221? 

10. Whi^ is the least common multiple of 10, 15, 45, 7S 
and 90? 

(b) It is evident that 10, 15 and 45, in the aboye exampfei 
may at once be struck out ; for each of these numbers is a meas* 
nre of 90, and .*. whatever multiple of 75 and 90 is found, ii^ 
certainly, must be a multiple of 10, 15 and 45 ; hence the qi^es- 
tion is reduced to this : What is the least common multiple a 
75 and 90? 

Note. — Manj other abbreriationB of this and other mleg raaj be effected, 
bat a delicate perception of the relations of nmnberB, and a ikilful appli- 
cation of principles, will much more facilitate the progress of the leuiMr 
than any set of formal roles. 

11. What is the least common multiple of 4, 9, 6 and 8? 

Ans. 72. 

12. What is the least conmum multiple of 8, 12, 16, 24, Z% 
48 and 96 ? Ans. 96. 

13. Find Ihe least common multiple of 80, 20, 160, 40, 5^ 
S20, 10 and 16. 

14. Find the least conmion multiple of 91, 3523 and 6487. 

Ans. 12305839. 

15. Find the least common multiple of 12089, 1309, 2849 
and 2233. 

16. Find the least common multiple of 28, 42, 5G, 70, 80 and 
90. 
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(c) If the numbers are jMime, or even mutually prime, their 
product is their least common multiple. 

17. What is the least common multiple of 8, 15 and 77 ? 

Ans. 9240. 

18. Find the least common multiple of 1181, 2741 and 3413. 

(d) The least common multiple of two numbers is equal to 
tbeir product divided by their greatest common measure. 

19. What is the least common multiple of 12 and 20 ? 

The greatest measure of 12 and 20 is 4, and 

12 X 20 -1- 4 = 60, Am. 

20. What is the least common multiple of 35 and 49 ? 

21. What is the least common multiple of 39 and 91 ? 

119* The following facts will be found convenient in the 
subsequent rules : 

(a) Every number whose unit figure is 0, or an even number, 
b Itself eeen^ and .*. divisible by 2. 

(b) If the two right hand figures of a number are divisible b j 
4, the whole number is also divisible by 4 ; e. g. 8724 = 8700 
-}- 24 ; now^ 100 is divisible by 4, and .•. 8700 is divisible by 4 
(111, b) ; again, since 8700 and 24 is each divisible by 4, theii 
sum, 8700 + 24 = 8724, wiU also be divisible by 4 (111, c). 

(c) Similar reasoning will show that the whole of a numbei 
IS divisible by 8, if its last IkrBe figures are divisible by 8, etc., 
etc. 

(d) A number ending with 5 or is divisible by 5. 

(e) Any number ending with is divisible by 10. 

(f ) Every number the ium of whose digits is divisible by 9 
Is itself divisible by 9 ; e. g. 5648 = 5000 + 600 + 40 f 3. 

Nqw 5000 = 5 X 1000 = 5 X (999 + 1) = 5 X 999 + 5, 
600 = 6 X 100 = 6 X (99 + 1) = ^ X 99 +6, 
40 =4X10 =4X(9 +1) = 4X9 +4; 

.v6643 = 5X 999 + 6X 99 +4x9 + 5 + 6 + 4 + 3; 



AND t>RNERAI« PBINGIPLES. - 'tt 

•gidn, it is evident that 5x999 + 6x9^ + 4X^m oivisi- 
ble by 9, and if 5 + 6 + 4 + 3 (= 18) is divisible by ii. then 
the whole number, 5643, must he divisible by ; but it wiU be 
seen that 5-{-6-f-4-|-3 is the sum of the digits which ox- 
press the number 5643 ; hence any number is divisible by 9 if 
the sum of its digits is divisible by 9. 

If the sura of the digits of a number divided by 9 gi^e • 
remainder, then the number itself divided by 9 wiU give ikt 
SAME remainder, 

KoTE. — It is on these properties of the number 9 that the ru'.es cftcn 
l^en, for proving Addition, Sabtraction, Multiplication and Division by 
casting out the 9's are fonnded. 

(g) The properties given for 9 afe equally true for 3 ; i. e. if 
thS sum of the digits of a number is divisible by 3, the number 
is itself divisible by 3, and if the sum of the digits divided by 3 
gives a remainder, then the number divided by 3 will give the 
ittme remainder. 

(h) Any even number divisible by 3 is also divisible by 6 ; for, 
Blnoe it is evenj it is divisible by^ 2, and, being divisible by 2 and 
by 3, it is divisible by 2 X 3 = 6. 

IfoTE. — The properties named in the foregoing paragraphs are depend^ 
ent upon tlie given conditions ; e. g. in (a), a numbcar not ending in or an 
e\en number is not divisible hy 2 ; etc. 

(i) Every prinie number, except 2 and 5, must end with 1, 3 
7 or 9 ; for, ' 

1st. Every number must end with 
aome one of the ten digits, 

2d. But no even number, except 2, 
is prime ; .*. take away 

and we have remaining 

3d. No number, except 5, ending in 
or 5 can be prime, 

.'. Every prime number, except 2 
and 5, must end in 1, 3, 7 or 9. 

Note. -* The converse of this pr07X>sition ia not true ; i. e. a nnmbef 
ending with 1, 3, 7 or 9 /« not ntfcasuriljf prime. 
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8 10. VULGAR FRACTIONS- 

110. A Fraction* is an expression representing one of 
more of the equal parts into which a unit is supposed to be 
divided. 

117* A Vulgar or Oomman Fraction is expressed bj two 
numbers, one above and the other below a line ; thus, ^ (one 
half), I (two fifUis), etc 

(a) The number below the line shows itUo how many parti 
the unit is dividedy and is called the denomiriatorf because il 
denominatei or gives name to the parts ; thus, if a unit is divided 
into 3 equal parts, each part is one third; if into 8, each part 
is one eighth; etc 

(b) The number above the line is called the numeratoTf be- 
cause it numerates or numbers the parts taken. 

(c) The numerator and the denominator are the terms of tha 
fraction. 

118* A fraction is nothing more nor less than unexecuted 
division, L e. division indicated hut not performed, the numerator 
being the dividend and the denominator the divisor. This is the 
key to a knowledge of fractions ; and this knowledge of fractions 
is, in turn, the key to Higher Arithmetic and Algebra. He who 
has the key intelligently in his possession wiU advance rtxpidfy 
and pleasantly, tdhile he who neglects the key will see no beauties 
in mathematics. 

(a) It follows from the above, that the value of a fraction is 
the quotient of the numerator divided by the denominator ; thns^ 
V^ = 12 -1- 4 = 3. 

IIO* A proper fraction is one whose numerator is less than 
the denominator ; as, §, /y, ^, etc 

130* An improper fraction is one whose numerator equali 
or exceeds its denominator ; as, ^, f , f, f-f, etc An impropei 

* Fraction, horn the Latin /tan^o, to break. 



(hiction equals or exceeds a unit ; hence iU name •» Difkopeb 
fraction, 

131* A simple fraction bar but one numerator and one 
denominator, and is either propet or improper; as, ^, {, f, 4^» 
etc 

133* A compound fraction i^ a firaction of a fraction ; as, | 

133. A mixed numher is a whole number and a fractioii 
united ; as, 3f , 20|, etc. 

134U A complex fraction is one that has a fhu^tion or a 

Si i 3 * 7 
mixed number for one or for each of its tenns ; as, ^, i, _., _ 

7 ' 6' 2i' f* 

?i, * etc 
7t'8A' 

&EMJLRS. — The following are the most unportant operations in fracticot. 

Casb 1. 

139* To multiply a fraction bj a whole number, 

Bui*s 1^ ^-r- Multiply the numerator by the whole number (59^ 
a» and 118) ; or, 

Rule 2. — Divide the denondnaifir by the whole wi$mbe$ 
fr»9, d). 

Ex. 1. Multiply A by 3. 

AX3==A,byBuIel; or, 
AX3 = i,by'RuIe2. 

NoTB 1. — The 2d rale is preferable in this and all similar examplo- 
Dccanse it gives the result in smaller terms, 

2. Multiply T^i by 3. Ans. J. 

3. Multiply Tpy by 5. Ans. |. 

4. Multiply 3jV^ by 13. Ans J J 

5. Multiply tI gfy by 593. 

6. Multiply yf^f y by 27. 



7. Multiply ft by 8. 

' A X 8 = A. by Rule 1 ; or, 
AX8 = l,byEule2. 

KoTS S. — The Ut nUe is preferable in tiiif and all eimilar trfemriM, 
becMiM the 2d gives a complex Jraetum. 

8. Multiply A ^7 2« Aos. )|. 

9. Multiply yjjy by 15, Ans. ^^ 

10. Multiply ^yVV ^^7 24. 

11. Multiply /rty by 1^- 

12. Multiply f Ht by 2717. 
18. Multiply f by 8. 

(a) The correctness of the first rule is also apparent Gram the 
following reasoning : It is just as evident that 8 times f are f 
as that 8 times 2 cents are 6 cents ; or that 8 times 2 are 6 ; L e. 
when the numerator is multiplied by 8, the fi»ction represents 8 
times as many parts as before, and each part remains of the 
same size ; .*. the fraction is multiplied by 8. 

(b) The 2d rule may be explained thus: 2 ninepences, in 
New England, are 25 cents ; i. e. 2 times ^ of a dollar are j^ of a 
dollar, and, as evidently, 2 times { are } ; L e. if the denominator 
is divided by 2, the fraction represents just as many parts as be- 
fore, InU each part is twice at great^ and, .*., the whole firactioii la 
twice as great 

14. Multiply A by ^5- 15 = 5 X 8. 

3AX5 = |aiid|X3 — VjAns. 

KoTB.-^We may herei as in whole numbers (44), nse the oomponeol 
parts of the multiplier, and, in using these component parts, we may apply 
the 1st or the 2d rule, or both. 

15. Multiply ff by 66. 66 = 6 X H. 

If X 6 = ii and n X 11 = W* -^8- 

16. Multiply 31 by 42. Ans. ifi. , 

17. Multiply T^V by 84. 

18. Multiply ^ by 44 



19. Middplj ^ W^ ^7 ^3- 
80. Multiplj ^V ^7 ^Om. 

21. Multiply I by 5. f X 5 = ( = i^ by Bnle S; .*., 

(c) If we multiply a fracdon by its denominator, the pxoduok 
will be the numerator. 

22. Multiply f { by 79. Am. 18. 
83. Multiply ^^ by 1957. 

24. Multiply If by 59. 

25. Multiply li«i» by 5. 

Cabs 2. 

19ft» To divide a fraction by a whole number. 

Bulb 1. — JXvid§ the numerator 5y the whole number (59, b^ 
and 118) ; or, 

Rule 2^ — Mukipfy the denominator 5y the whole n^fnbef 
(59, c). 

Ex. 1. Divide H by 4. 

J^ ^ 4 = ^, by Rule 1 ; or, 
J^^4 = |J,byRule2. 

NoTS 1. — ^The let rale it'prefisnble in this eauunple. Whyf 

2. Divide )} by 9. Ads. ^ 

d. Divide ^ by 21. 

4. Divide ^y by 25. 

5. Divide ^ by 13. 

6. Divide J/^VV^ by 593. 

7. Divide A by 2. 

A-=-2=~,byRulel;or, 

A-T-2 = A»byRule2. 
NoTB 2. — Tlie 2d rale Is preferable in this example Why f 

8. Divide ^ by 3. ^ Ana. fg, 

9. Divide ^^ by 5. 
la Divide 4,^ by 894. 
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11. Divide Afji by 74 

12. Divide t J by 7695. 

13. Divide f by 3. 

(a) It is just as evident that ^ of f is f , as fliat ^ of 6 cents is S 
cents, or that ^ of 6 is 2 ; i. e. the 1st rule may be explained by 
eayhig that, if the numerator is divided by 3,^e fraction will 
express only ^ as many parts, and each part remains of the 
same size; hence the value of the fraction is divided hy 8. 

(b) By the 2d rule each part e:tpressed by the fraction Li 
made smaller, while the nuipber of parts taken remains the 
flame ; .*. the value of the fraction is divided when we multiply 
the denominator. 

14. Divide A by 20. 20 = 4 X 5. 

A-7-4 = Aand3ar-r5 = tIzi Ans. 
KotE. — See Art. 125, 6, Note. 

15. Divide |J by 35. 35 = 5 X 7, 

H -r 5 = V^ and ^ 4. 7 = 7fr, Ans. 
16 Divide If 1 by 42. ' Ans. ff. 

17. Divide A^i by 84. 

18. Divide A Ji. by 44* 

19. Divide Ai^pa by 63. 

20. Divide if|A by 1008. 

Case 8. 

lay. To multiply ^ by f , 1st, ^ X 8 = * (125, Kule 1) ; 
but the multiplier, 3, is 5 times }, .*. the product, f , is 5 timeb 
the product sought; hence, 2d, f -^ 5 =:^^ (126, Rule 2) is the 
product sought ; i. e. 

^ X f = aV Hence, 
To multiply a fraction by a fraction, 

Rule. — Multiply the numerators together for a new numf 
raiorf and the denominators for a new denominator 
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Ex. 1. Multiply t by A- Am. ^. 

2. Multiply \i by t%. Axis, jjf. 

3. Multiply f J by JJ. 

4. Multiply i| by jj^. 

6. Multiply H by J. 

(a) To multiply by a fraction is only to multiply by the nu- 
merator, and then divide the product by ^the denominator. In 
Ex. 6 we multiply jf by 5 and obtain ^ (125, Bale 2), and 
then y divided by 6 gives f (126, Rule 1), the result sought. 

«. Multiply a by |. 

2 

a fi ^ . 
^X0=7' Ana. 

7 

KoTS 1. — ^In this simple operatioii is involTed tkt wkoU jprhdfpiU of on* 
Mng, 

7. Mnldply JJ by if . ' 

4 2 

• 0^^^-45'^^ 

5 9. 

The 7th example is solved on the same principle as the 6Ul 
Since the product of the numerators is a dividend, and that of 
the denominators a divisor (118), and since the quotient is not 
affected by dividing both dividend and divisor by the same num- 
ber (61, Cor.), we may cancel (strike out^ or reject) the factors 
8 and 7 from both numerator and denominator ; i. e. we may 
divide both numerator and denominator by 3 and 7, and thu9 
obtain -^^, the product sought. 

Note 2. — There can be no difficulty in canceling so long as we remembet 
the simple principle, that it rests upon rejectlsg equal factors from dividend 
and divisor. The process is only to strike out or cancel the same factors firon 
nmentor and denomioAtor, «od U often saves much Utbor. 
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8. Multiply ft by 5f. * 

2 5 

/(t «$_io 

17 

9. Multiply il by tI,. Ans. ^ft. 

10. Multiply It by ^ AasL /g. 

il. Multiply ^A by «• 
12. Multiply ^ by H- 

(b) In canceling S and 5 in Example 18, we t>btain tbe qai>> 
liento 1 and 1 in the numerators, and whenever an entire tern 
canoek we obtain 1 to place. instead of the term canceled; bat 
since 1, as a multiplier or divisor, is valueless, there b no need 
of retunihg it under any circumstances except where all the 
numerators are canceled; in sudi a ease, 1 is the true numentfor 
and must %e Ktuned. 

IS. Multiply A by tV- 

I 1 

iv i-i 

6 4 

14 Mnlt^ly HI by M- 

1 1 

^X-'-*-i An.. 

5 S- 

Vom.— Tbe I4lfa and liiidlar examplw mj b* mora taan^naOj wri'. 
iMi as follow! >— 



Iff. Mnldplj V^ bj V* 

5 4 

16. Multiply «H by /,%. 

17. Multiply ,;y\fr by AW- 

18. Multiply f Jf by V^ Ani. 10. 

19. Multiply {} by J^ 

20. Multiply A^W* by x^Hfi. • 

(c) If ^ of an apple be divided into 7 equal parts, one of 
those parts will be ^ of the whole apple ; «nd if I of } is -^ 
then I of } will be 4%^ and f of f will be ^f ; L e. the rule fat 
reducing a compound fraction to a simple one ia the same as thai 
for multiplying a finction by a finction. 

21. Multiply f by f , L e. reduce | of f to a siirple fractioik 

Ans. ^ 

22. Reduce f of t^. Ans. {|, 

23. Reduce f of } of ^V* ^^^^ H^ 

24. Reduce f of f of ^ of f. 

1 
- X - X - X - = i. Am. 
2 8 

« 

Nora. — The principle of canceling can be profitably applied whenerei 
flie piodnct of two or more nnmbera is to oonstitnte a diridend, and die 
product of other nnmben is to oonstitnte a diiisor, proTided that ^iieie nt 
equal factors in the dividend and divisor. 

25. What isiof9offof|of|offof{off? 
jX^XjX^XgX^X|X5 = g,Anfc 

26. What is}ofi}offof^ofH^ Ans A. 

27. What is I of Ij of H ^ i\ ^ \%^ 

28. W}iat is ff of fi of I of V? 

S9k What is W of V of H of ^'W 



(d) The multiplication of a whole number Ity a fraetwn is 
only a modification of the principle of the dd case ; for, if the 
whole number has 1 placed under it, it becomes a fraction without 
change of value ; thus, 8 = f , 17 = -*/-, etc 

30. Multiply. 8 by f . f X J, or 8 X f = V» Ans. 

81. Multiply 35 by f * Ans. 21. 

We may multiply by 3 and divide the product, 105, by 5 ; or, 
better, as it keep^the numbers smaller, we may divide by 5 and 
mult?ply the quotient^.?, by 3, and the result is the same, 21, by 
either process. 

82. Multiply 48 by V^. ^ Ans. 15. 

83. Multiply 64 by ^^ Ans. ^ 
34. Multiply 1056 by ^yy^. * 

Case 4. 

laS. To divide § by f , 1st, § -i- 5 = ^ (126, Rule 2) j 
but the divisor, 5, is 7 times f , .*. (59,1) the quotioit, ^y is only f 
of the quotient sought ; hence, 2d| -^ X 7 = ^| (125, Bule 1) 
is the quotient sought ; L e. 

f-M = fXt = it- Hence, 
To divide a fraction by a fraction, 

' RyLB. — Invert the dimsar, and then proceed at in mukipU' 
cation (127). 

Ex.1. DividefbyA- ♦-^ A: = f X V = $J, Ans. 

2. Divide A by H- Ans. ^^^. 

3. Divide j^ by f J. 

4. Divide f^V by ih 

(a) The reciprocal of f is - (106), and, multiplying both nu- 

1 

tnerator and denominator of this complex fraction, -, by 7, wo 
obtain }; but multiplying^bQidi'ierms^or a fiuecbti by tBe ffi^aaa 
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aumber does not change its yalae (60, C!or.), .••- = {; L e. tha 

reciprocal of ^ is ^ ; and, generally, the reciprocal of any fixus 
tion i$ thai fraction inverted. 

Again, 12 -i- 4 = 3, and 12 X i = 8 ; 

so, also, f -f. 4 = y*V, and f X i = A? 

bence f -i. 4 = f X i ; i« e. t< mattes not whether we divide 
iy any nUmhcr or multiply by its reciprocaL 

From the above, together with Art 127, we have anothei 
explanation of th# rule in Art 128. 

6. Divide Jf by ^i. * 

6. Divide |^ by ^. 

7. Divide f of f by ^ of ^ 

8 4.27_8 4 Tt 11_38 

jXg-e-^Xjj — gXj X|Xy — 10'^^^ 

8. Divide ^ of ^^| by ^^ of f f. Ans. ffj. 

9, Divide A o^ f of Vt by f of A- 

10. Divide Jf of f^ by \^ of J of Jf. 

(b) If the denominator of the divisor is Uke that of the divi« 
dend, as in Ex. 11, they may both be disregarded ; for, evidently^ 
^ is contained in }^ just as many times as 6 apples are con^ 
taiaed in 24 apples, or 6 in 24 ; L e. f ^ -i. ^^ = 24 -f 6 = 
numerator of dividend -7- numerator of divisor; and this ii 
equally true when the numerator of the dividend is not a multipln 
of the numerator of the divisor ; thus, f-7-^==5-7-d=:^ 

11. Divide }f by ^ Ans. 4 
12 Divide H by if Ans. 8. 

13. Divide ^ by ff Ans. Jf 

14. Divide i% by f}. Ans. {]• 
15 Divide tf by /y. 

16. Divide ^| by f |. 

17. Divide Tf Jt by xtW- 
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(c) Wlien ihe nnmentar and denominator of the diYisor arr 
respeedyelj iB^eton ai the eonesponding terms of the dividend, 
as in Ex. 18, it is best to divide nnmeratcn' hj nnmerator, and 
denominator hj denominator. Tins mode is true in aU fractionfl^ 
Imt nai always eonvememL Whj troe ? Whj not convenient ? 

18. Divide ^ bj f Ans. ^. 

19. Divide ^f^ hy h 
SO. Divide yf}, bj ^^ 

Caob & 

139» To reduce a fraction to its smallest or lowest terms. 

Rule 1^ — Divide eaeh^term by anyfoidor ccmnum to them i 
then divide these quotients by any factor common to theh, a»di 
90 proceed tiB the quotients are mutualfy prime (61, Cor.) ; or, 

Bulb 2. — Divide each term by their g^atest common measure 
(110). 

Ez. 1. Beduce ^ to its lowest terms. 



48.0 


6 
10 


7 0.0 



-7, Ana. bj Bnle^l. 



7].0] 

^ 420 3 
140j^^ g, Ans. by Bole 2. 

In the first operation, we divide by 10 by cutting off is 
each term (58), then divide by 7, then by 2. 

2. Beduce %% to its lowest terms. Ans. ^|. 

8. Reduce f }|f * Ans. f^ 

4. Reduce fjjfj. 

5. Reduce H»i8|f 

6. Reduce iJSIf 

7. Reduce -gff^ 

8. Beduoe H(if 
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9. Reduce ^^. 

10. Reduce ^^^ 

11. Reduce ihm* 

1%. Reduce ^y^V* 

13. Reduce UHi. 

14. Reduce V^- 

15. Reduce ylttttfcr 

Ca8b6. 

130« How many units in J^? 

One unit = f , and .*. ^ will he reduced to unita by diTidiag 
^ hyi; thus (128, b), J^ -i.| = 13 -£- 4 (= numerator -s- 
denominator) =a 3^ Henoe» 



To reduce an improper fzactiin to a whole or mixed numibi'r, 

Rule. — Divide the numeraiar hy the denondnaior; if there U 
any remainder^ place it over the divieoTj and annex the fraetiai^ 
wo formed to ike guotietst* 

Ex. 1. Reduce ff to a whole or mixed number. 

f I = 96 ^ 19 = 5t3jj, Ana. 
2. Reduce ^f^ to a whole or mixed number. Ans. 125fi 

8. Reduce ^^. Ans. 93. 

4. Reduce ^K Ans. 63|* 

5. Reduce ^. Ans. 6} = 6^ 

* « 

(a) The fraction obtained by the aboi^e rule wilt not be in its 
lowest terms unless the improper fraction la in its lowest terms ; 
for the common measure of the numerator and denominator will 
also be a common measure of the denomiuator and remaindei 
(113). 

6. Reduce ^i^^K Ans. 9872^^ = 9872} 

7. Reduce ^fZA. 
a. Reduce mK 

9. Bednoe^^i^ 
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10. Reduce ^^ 

11. Reduce "^. 

12. Reduce ^^ii^ 
18. Reduce ^ff |^. 
14. Reduce ^H^f^ 

Cabs 7 

131. In 8^ how manj 4U1S ? 

Since ^ make a unil, there will he 4 times as manj 4ths as 
imits ; .*• y in 8 units there will be 4 times 8 fourths = ^, and in 
8itherewillbeJ^ + J = J^. Hence, 

To reduce a mixed number to an improper fraction. 

Rule. — Multiply the whole number by the denominator of the 
fraction ; to the product add the numerator^ and under the eum 
write the denominator, 

Ex. 1. Reduce 5f to 7ths. Ans. ^ 

2. Reduce 12^^ to llths. Ans. ^^ 

8. Reduce 50^ to an improper fraction. Ans. ^^^ 

4. Reduce 130|^ to an improper fraction. 

5. Reduce 73|. ♦ Ans. Afa» 

6. Reduce 9872f . Ans. ^}&J^, 

7. Reduce 1^874f . 

8. Reduce 7698|f 

9. Reduce 6942^^ 

10. Reduce 46358/|^ 

11. Reduce 27^^^. 

12. Reduce 8562 -r^^. 

13. Reduce 12Z^b^^^^. 

14. Reduce 6789^^,7. 

(a) To reduce an integer to a fraction having any given do 
nominator: — Multiply the integer by the proposed denominaior^ 
«u2 u$^der theproduoi wriie the Jmominaiar (60). 
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5. Reduce 9 to a fraction whose denominator is 5. 

Ans. ^ 

16. Reduce 7 to a fraction whose denominator is 1. 

Ans. \ (127, a). 

17. Reduce 87 to a fraction whose denominator is 87. 

18. Reduce 7345 to a fraction whose denominator is 372 

19. Reduce 47 to a fraction having 18 for a denominator. 

20. Reduce 734 to a fraction having 173 for a denominator* 

Case 8. 

133* The complex fraction -^ equals what simple fraction f 
The operation required is onlj to divide a fraction by a &m> 

tion;thus,i=^^4 = iXi = 5*- Henbe, 

To reduce a complex fraction to a simple one, 

Rule. — Ftrst^ if necessary^ reduce the numerator and denomi* 
naior of the complex fraction each to a simple fraction ; then 
divide the fractional numerator hy the fractional denominator 
(128). 

2^ 
Ex. 1. Reduce ^ to a simple fraction. 

2. B^uce 5^ to a simple fraction. Ali^. |f| 

8# 
8 Reduce r^ to a simple fraction. 

. l^f 

ft 

4. Reduce ^^ to a simple fraction. 

4a 

5. Reduce -| to a simple fraction. 

t 

6. Reduce ^ ^ — - to a sunple fraction 

19A 

7* 
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7. Reduce x ^ ^ simple fraction. 

(a) The above rule is alwajs applicable, but examples like 
the 7tli maj also be reduced bj Art. 126 ; thus. 

This example maj also be reduced hj multiplying botb 
tumerator and denominator of ihe complex fraction hj 7 (GO 
iJor.) ; thus, 

8. Reduce =| to a simple fraction. Ans. tAt* 

9. Reduce |l to a simple fractum. 



7 7 
(b) -= - X 4 = "V" > ^ ^* ^ whole number ie divided hg a 
is 
fraction by multiplying the whole number by the denominator 

Mbd then dividing the product by the numerator. 



19 

11. Reduce TT to a sinu^ fisctkm. 

ft7fi 

12. Reduce -rrr to a mixed nnndier. 

-2J 

18. Reduce - — ^ J ^ - to a mixed number, 
fof^of^ 

? of * of ft of JjA 

14. Reduce ^^-^-^--^ ^^.-^ *» ^^^ ^i^'Plest fon» 
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Case 9. 



133* Fractions haying Uke denominators are siud to have r« 
common denominator; thus, f and f have a common denomina- 
lor; 80, also, have ^, -^ and -^; but § and f have not; how« 
ever, f and f will be changed to equivalent fractions having a 
common denominator, if the terms of the 1st be multiplied bj 7, ' 
and the terms. of the 2d bj 3 ; L e. if the terms of each fraction 
be multiplied by the denominator of the other (60, Cor.) ; thu8| 
| = fXf = M, and f = ^Xf = «;i.e. land f = H 
and ff-, fractions that have a conomon denominator. 

Simikr explanations maj be given when there are more than 
i fractions. Hence, 

To reduce fractions to a common denominator, 

BuLE 1. — MulHpJy aU the denominaton together for a com* 
mon denominator^ and multiply each numerator into the continued 
.product of all the denominators except its own^ for new numer* 
ators, 

Ex. 1. Reduce. }, ^, } and | to a common denominator 

5X7X^x3 = 2520, coounon denominator, 
8 X 7X9X8 = 1512, 1st numerator, 
5X^X9X8 = 1440, 2d numerator, 
5X7X2X8 = 560, 8d numerator, 
5x7X9X3 = 945, 4th nupierator; 

.-. f t, I and i = iUh m», mtf wid jy^, Ana. 

2. Reduce fyy ^, ^ and {} to a common denominator. 

Ans. AVA» iWifir, nm and i|f fj. 
8. Reduce }, J, f and f Ans. fW, JW, JfJ and ;}||. 

4. Reduce ^, -^, f and |. 

5. Reduce |f, ^ and ^j. 

6. Reduce ^, ^, ^ and A- 

7. Reduce |, f g, ^ and f 

8. Reduce }, f and ^ 



9. Bedaoc /^^ |^ ^ and |^ 
10. Bedoce f , i, f and }. 
ll.«Rediice ^l^, f, | and }. 

12. Bedace ^^, ^ and ff . 

13. Redaoe -^y ^ and /j. 

14. Reduce «. «, «, if and A- 

(a) The above mle is alwajB applicaUe, bat it win not alwvfs 
giTO tbe leoMt commoa denominator ; this, howerer, may be 
effected hj tbe following : -» 

Bulb 2. — Reduce each JraeUon^ if neeeuaryj to iU loweet 
Urm$ (129) ; find the leasi eemaum nmkiple of the denominaiori 
(114) for a common denominaior; and, having divided this* 
wndtiple hy each denominator, nudtipfy the several quotients hy 
the respective numerators^ for new numerators. 

NoTB 1. — Eadi of these roles is fonndod on the principle that mnlti-. 
plying both tenns of a firaction bj the same number does not alter its yalne 
(60, Cor). 

15. Bedace %y-l^^ and ^ to their least common denomi- 
nator. 

? A S 12 2X2X2>^8X8 = 72, 
2 ) 8' 12' 18' 24 least common multiple of de- 

2)4, 6, 9, 12 nominators. 

o \ 5 Q A V X 3 = 27, Ist numerator. 

Z) £j 6, Sf, b ^j^ 5 = 30, 2d numerator. 

8) 1, 8, 9, 3 II X 7 = 28, 3d numerator. 
1 8 1 if X 11 = 33, 4th numerator. 

••• f A» A «id ij = f J, ^, »| and f }, Ans. 

16. Reduce Z^, ||, /j and ^ 

Ans. Mf », iff J, ^Wi and ;ft%. 

17. Reduce |, |, -j^ and f. 

18. Reduce ^, tV» ffy and ^. 

19. Reduce ^, ^V, ^7- and ^. 
to. Reduce A> A> A a»d JJ. 
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21. Reduce ^, /r^ ^^ and ^j. 

22. Reduce J, i|, jft- and ^v. 

. 23. Reduce $, f , f , /j and ^* 
24. Reduce ^7, -/^ and ^^. 

Note 2. — The first clause of Bole 2 is omitted by many aathon, bm 
iCa necessity is apparent from 

Ex. 25. Reduce f , -^ and ^ to equivalent fractions having 
the least common denominator. 

Disregarding the first clause of the rule, we find 72 to be the 
least common multiple of the denominators, and the fractions, }, 
•f^ and f^, reduce to f |, ^| and || ; but, regarding the first 

clause, we have f, ^ and tV = 2' ^ ^^^- i = ^2^' "^ ^^^ "A* 
which have a common denominator less than 72. 

26. Reduce |, ^' and ^. Ans. |, | and |^ 

27. Reduce f , ^ and |}. 

' 28. Reduee A, ^^ and A* 

29. Reduce ^ and /v* . 

80. Reduce ^ and ^. 

Note 3. — In this and the following cases, each fraction should, if neow 
■arj, be reduced to a simple form before applying the rule. 

81. Reduce } of } and ^ to a common denominator. 

fof J = T^;?| = V^V = i«;but 

tV «^d H» = im and mi, Abs. 

82. Reduce •— and 5} to fractions having a common denomi 
nator. Ans. ^^ abJ jf §{. 

88. Reduce t^^, -M. and -i^^l^LL. 

84. Redu«^ i of f , 2 J, r4- and f 

85. Reduce 5, 6}, | of }, ^^ and |. 

1 



8s tulgab fractiohs* 

Case 10. 

134* As 1 penny is equal to 4 farthings, so any fraction of 
a pennj is 4 times as great a fraction of a farthing ; e. g. |d. =^ 
jqr., -Jd. = Jqr., etc. Hence, 

To reduce a firaction of a higher denomination to one of a 

lower, 

/• 

Rule. — MuUipfy the fraction hy such numbers as are neee^ 
sary to reduce the given to the required denomination, 

Ex. 1. Reduce ^s. to the fraction of a farthing. 

^8. (= ^ed. X 12) = id. (=iqr. X 4) = ^r., Ans.; or, 

7 X 12 X ^ _ 7x^ift X 4 _28 

36 ~i$ S — yqr., Ans. as Ddore. 

2. Reduce 7}^ of a ton to the frticdon of a dram. 

7 X 20 X4 X 25 X 16 X 16 _ 7 X )80 X ^ X 25 X 16 X 1» 

240 , ~U0 ifi S 

44800^ ^ 
= — 5 — dr., Ans. 
o 

8. Reduce (f of a rod to the'fraction of a barlejcom 

11 6 
10X16^X12X8 lOXfiiXiflXS 1980 
21 = irxi = -y-b.c,Anf 

7 

4. Reduce ^^ of a pound Troy to the fraction of a grmn. 

Ans. ^^. 

5. Reduce ^^ of a pound Apothecaries' weight to the fractio*^ 
' (if a grain. Ans. ^^ 

6. Reduce j^^^ o^ & ^7 ^ ^^^ fraction of a second.- 

7. Reduce ^ of a bush, to the fraction of a pint 

8. Reduce ^gal. to the fraction of a gill. 

9* Reduce ^jd, to the fraction of an inch, cubic measure 

10. Reduce 7^ sign to the fraction of a second. 

11. Reduce -fysq. m. to the fraction of an inch. 
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12. Reduce ^m. to the fraction of a link. 

13. Reduce TViiiirTr^)^* ^ ^® fraction of a second. 

• 14. Reduce ^f-^acres to the fi'action of a square yard. 

15. Reduce ^^jd. of cloth to the fi*action of an inch. 

16. Reduce ^drc to the fraction of a second. 

^ Casb 11. 

13«S* In 15 barleycorns there is onlj ^ of 15 inches, so in | 
of a barlejcom there is only •} of } of an inch ; in f of a peck 
Ihere is but ^ of f of a bushel, etc. Hence, 

To reduce a fraction of a lower to a fraction of a higher de- 
nomination, 

Rule. — Divide ike given frcLction hy such numberg a» ar$ 
required to reduce the given to the required denomination* 



1. Reduce ^qr. to the fraction of a shilling. 

Vqr. (= ^d. -i. 4) = Jd. (= Js. ^ 12) = ^s., Ans.; or, 

^S 7 7 ^ 

s 1 771 = :r:;8'f Ans. as before. 

8 X ^ X 12 36 • 

2. Reduce ^^f^^^. to the fraction of a ton. 

4^$00 ft$00 in T 7 ^^^^ 

8. Reduce -M^b. c. to the fraction of a rod. 

10 
1980 im0_J$0_J0__J _]0 

7X3X12X8X 5^ — 7 X 3 X ^^8 X X W~2l"*'' - 

4. Reduce ^^gr. to the fraction of a pound Troy weight 

Ans. ^lu. 

5. Reduce ^jl^gr. to the fraction of a pound Apothecariei 
weight 

6. Reduce J^Agec to the fraction of a day. 

7. Reduce ^pt to the fraction of a busheL 
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8 Reduce f f gills to the fraction of a gallon. 

9. Reduce ^-L^a^ in. to the firaction of a yard. 

10. Reduce -M^Asec to the fraction of a sign. 

11. Reduce x^nii^AAiiiLsq. in. to the fraction of a 

12. Reduce iA}^a& links to the fraction of a mile. 

13. Reduce ^c to the fraction of a week. 

14. Reduce ^fi^jds. to the fimetion of an acre;^ 

15. Reduce fin. to the fraction of a yard. 

16. Reduce taypn aec. to the fraction of a circumfereDoe* 

Case 12. ^ 

136. ^ = Vs. = Jj^. = ajfl.; again, Js. = J^ = 4d. 
* i£ =z 3a. -{■' id. Hence, 

To reduce a fraction of a higher denomkiation to whole nmn- 
bers of lower denominalicms, 

Rule. — Reduce the given froetion to afrafstUm ef the nM 
lower denominaUon hy Case 10 ; then^ if the fraction is improper 
reduce it to a whole or mixed number hy Case 6. Jftke result is 
a mixed number^ reduce ^ fractional part of it to the next lower 
denomination^ as before^ and so proceed as far as desirable. 

KoTE. — If, at anj time, the reduced fraction is proper, there will' be as 
whole nnmber of that denomination. 

Ex. 1. Reduce ^^ of a shilling to pence and fiuthings? 
iJs. (=Hd. X 12)=Vd. = 5Jd.,andJd. {=iqr. X 4} = 2qf^ 

.'. J Js. = 5d. + 2qr., Ans. 
2. Reduce /^ of a furl(Hig to rods, jards, etc. 

^ fur. (= ^rd. X 40) = Wd. = ^i^rd.; again, 

Ard. (= T^iyd. X 5i = t^t X V) = ij^ a P«>per fractiooi 

again, Jyd. (= Jfl. X 3) = f ft = 1 Jft.; and, finally, 

Jft. (= iin. X 12) = 6 in. ;^ 

•'• ^fiir. = 9rd. Ojd. Ift Gin., Ana^ 

8. What is the vahie of -^ of an acre ; 

• Abs. 2r. 5rd. lOjd. Oft lOdiik 



4 What is the yalae of /^ <yf a pound Troy? 

5. What is~lhe value <^ /^ (^ a pound. Apothecaries' we^ghlP 

6. Reduce /^Ib., Avoirdupois, to ounces and drains* 

7. Reduce yy of a inile to furlongs, diains, etc. 

8. Reduce ^^ of a cord to cord feet, cubic feet, etc. 

9. Reduce -^ of a jard to quarters, nails, etc. 
to. Reduce |f of a gallon to quarts, pints, etc 

11. Reduce f^bush. to pecks, quarts, etc. 

12. Reduce f of a Julian jear to lunar months, etc. 

13. Reduce ^circ to signs, degrees, etc. 

14. Reduce f of a league to miles, furlongs, etc 

15. Reduce ^ of a ton to cubic feet and inches. 

. 16. Reduce ^f of a civil jear (S65 days) to dajs, etc 

17. Reduce HiSlb. to ounces, drams, seniples, etc 

18. Reduce Hi^^icirc to signs, degrees^ etc 

Case 18. 

tS7« 8 fiurthings are the same as } of a penny ; again, 6d. 
-f Iqr* = 25qr., and Is. = 48 qr. ; .*. 6d. and Iqr. = 2|c 



To reduce whole numbers of lower denominations to the Grao 
tion of a higher denominatioin, 

Rule 1. — Reduce the given quanUty to ike lowest denonUna^ 
Hon it contains^ for a numerator ; and reduce a unit of the 
higher denomination to the $ame denomination as the numerator^ 
for a denominator, 

£^. 1. Rednee 5d. and 2qr. to tiM fraction of a shilling. 
'5d. 4" ^r« = 22qr., and Is. = 48qr.; 

•'• 5d. 4" ^q^* = f |s- = H^s., Ans. 

2. ReJuee 9 ro^, 1 foot and 6 in^es to the fraction of a fnik 
long. 

9nL IfL 6in. = 1800in. and Ifur. = 7920m. ; .% 

9rd. 1ft. 6ui. as fltS^u^* = A^i Am. 
8 



86 Ttn^GAB FRAGTIOKS. 

(a) In Ex. 1, 2qr. are equal to'^. ; .*. 5d. and 2qr. are equal 
to 5 Jd. = -y d. = ^ of -V-s* = ijs., Ans, 

In Ex. 2, 6in. = Jft.; IJft. = iyd. = t^^kL and D^rd. = 
i^rd. = i^fur., Ans. as hj Rule 1. Hence, 

Bulb 2. — Divide the number of the lowest denomination given 
hy the number required to reduce it to the next highet denomina- 
iion^ and annex the fractional quotient so obtained to the given 
number of that higher denomination ; divide the mixed number 
§0 formed by the number required to reduce it to the next higher 
denomination, annex the quotient to the given number of that e» 
lunninatony and so proceed as far cls necessary. 

Note 1. — This rule is freqaentlj preferable to the Ist, becanse it enable! 
■8 to use smaller nnmben and gives the result in lower terms. 

8. Reduce 2r. 5rd. lOjd. Oft. 108in. to the fraction of an acre* 

Ans. iV 

4. Reduce 4oz. 6dwt 9}gr. to the fraction of a pound. • 

Ans. 3^. 

Note 2. — ^In Example 4, by Rule 1, reduce 4oz. 6dwt. 9^ gr. to Jifths Ot 
ft grain for a numerator, and lib. to fifths of a grain for a denominator 
How shall it be done by Rule 2 ? Which mode is preferable ? Why % 

5. Reduce 73 to the fraction of a pound. 

6. Reduce 2oz. 4^dr. to the fraction of a pound. 

7. Re^luce Ifur. 4ch. llli. 6^^in. to the fraction of a mile. 

8. Reduce 7 cord feet, 9 cubic feet and 103 6f inches to tha 
fraction of a cord. 

9. Reduce Iqr. Ina: ^in. to the fraction of a yard. 

10. Reduce 2qt. l|fgi. to the fraction of a gallon. 

11. Reduce 2pk. Iqt l^pt to the fraction of a busheL 

1 2. Reduce 1 Ijn. 8wk. 3d. 4h. 17m. 8f sec to the frdfetion of 
a Julian yeart 

13. Reduce Is. 10® to the fraction of a circumference. 

14. Reduce Im. 2fur. 11 rd. 2yd. Ifl. 2^b.c. to the fraction 
of a league. 

15. Reduce 8fl. 576in. to the fraction of a ton. 
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16. Redace 256d. 20h. 26m. 40sec. to the* fractioii of a civil 
fear (365 dajs). 

17. Reduce llg 73 23 18gr. to the fraction of a pound. 

18. Reduce 8s. 25^ 30' 20" to Uie fraction of a circumference 

Case 14 

138. If numbers of the same kind are added together, theif 
sum will be, of the same kind as the numbers added; thus, 
3 books 4" ^ books = 7 books ; 3 hats -f" ^ ^^^ = '^ ^^ts ; 
and for a like reason, J -|- t = i > tV + ^ =^ t^> ^^-j ®^^ 

(a) Numbers of different kinds cannot be united bj addition ; 
thus, 3 hats -f* ^ books are neither 7 hats nor 7^ books ; so f -j- 
I are neither ^ nor | ; but numbers that are unlike maj some* 
times be made alike bj reduction, and then added ; thus, 

f + t = H + H(i33) = |5. 

(b) Again, 2bush. -{- 3pk. are neither 5bush. nor 5pk.; but 
Sbush. = 8pk., and then 8pk. -|- 3pk. = llpk. ; so f bush. -}- 
fpk. are neither f bush, nor^f pk. ; but ^bush. = f pk. (134), and 
then f pk. -f- ?pk. = -V^P^* Hence, 

To add fractions, 

Rule. — Reduce the fractions, if necessary, first to the samtt 
denomination, then to a common denominator; after which 
write the sum of the numerators over the common denominator* 

Ex. 1. Add -jA^ and ^ together. Ans. W» 

2. Add ^, ^7 and -^ together. Ans. \^, 

8. Add t4> t%, tV «»d ii together. Ans. f J = 2^ 

4. Add ^7 and ^^ together. Ans. \% = 1^^ = 1^ 

5. Add ^, -j^, yV and A together. Ans. l\ 

6. Add ^(^, iJ, ^V and ^ together. 

7. Add -^^Q, 2?,f^, /,j\ and ^^^ tosrether. 

8. Add A, 5^, ^-g, /y, J J and J J together. 

9. Add ^, ^y, ,Py, if and ^ together. 
10. Add ^, \%, ^, H, f I and ^ together. 
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« 

11. Add together f, ^ and ^ 

l+A + A = il + il + «aS3,a)=U = Ut,Aii* 

12. Add together |, |, ^ and }• 

f + ♦ + A + * = «l» + HI » + mi + im (133) = 

l|if J, Amu 

• 13. Add together f, f, f and/^. Ans. 2iVVf 

14. Add together i^, ^, f and ^. 
15.* What is the sum of |, ^7, { and ^| ? 

16. What is the sum of |, ^, -fu f and } ? 

17. What is the sum of f f , i^ ^ 9nd H? 

18. What is the sum of | of f, | of f of f^r and ( of |? 

Ans. Ijl^ 

19. Add together ^, { and ^ of f Ans. 2^^. 

SO. Add together ^, { of f , | and f . 

21. Add together J of '}, ^ ^ and *. 

22. Add is. to ^ 

Js. + id. = Jj?d.+ id. = ffd. + A^ = |id. = 2iH,An8., 

or, ia. + id. = is. + ^s. = ,^,8. + yf^yS. = ^^^s^ 2d Ans. cs 

1st Ans. 

23. Add igal., iqt and fpt together. 

Note. — The answer to the 23d example may be the fraction of a gallon, 
of a quart or of a pint ; thus, 

1st, igal. + iqt. + ?pt = igaL + ^^ygaL + ^gal = J|8gal 

+ A'ogal- + ^oga^- = i JSgal- = ^&^ l** -Ans. 
2d, JgaL + iqt. + f pt = fqt + iqt + fqt. = H^qt + ^qt 

' + Mqt. = Hfqt. = liVsqt., 2d Ans. 

M, igaL + iqt- + fpt. = fpt. + f pt + f pt. = fljpt + iV^pt 
+ T^Pt- = m = 3fWpt^ 3d Ans. 

24. Add together | of a ton and i of a hundred weight. 

25. Add together f bodi. }pk. and |qt. 
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26. -Jwk. -|- |d. + |li. -|- ^m. = what fraction of a week ? 
daj ? hour? minute ? 8d Ans. ^^h. = 4d^lk 

27. Add together fib. |S ^5 and |3. 

28. Add together f and ^. 

7^9~7X9~63* 

29. Add together f andf. 

2 2_ (9 + 7)X2 _82 
7^^9— 7X9 ""63'^^^ 

(c) What is the easiest mode of adding two fiacticns that 
have a. common numerator f 

80. Add together ^ and f^. 

81. Add together | and -fj^ *" 

82. Add k)gether J^ and V^ 

83. Add together J^3. and ^. 

(d) Mixed numbers may be added bj first reducing them to 
improper fractions and then to a common denominator, etc ; but 
it will be easier and .*. better to add the fractional parts and theo 
add that sum to the sum of the integral parts. 

34. Add 3^ and 4|. Ans. S^. 

85. Add 5 J, 4fT and 16f. 

86. Add 8t, 2|, 3f and 4|. 
S7. Add 7|, 8f , &g, 4f and 5;. 

88. Add |i, ^, 4| and J of ^ 

Case 15. 

139. To subtract a less fraction from a greater, 

Rule. — Prepare the fractions as %n addition, and then write 
the dijffh^ence of the numerators over the common denominator, 

Ex. 1. From | subtract |. Ans. f = |. 

2. From |f take fy. Ans. }|. 

8* 
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8. Ttotk ^ take A* 

4. Prom if take jf 

5. From f | take ^|. 

6. From f f take i^. 

7. From f f take ^ 

8. From | take |. 

(a)i-f = if — i§=i|,Ans. (Seel38,a.) 

9. From }^ take ^|. Ans. ^fiffy. 

10. From |} take ^f 

11. From f } take |f. 

12. From f } take f 

18. From if take if. » 

14. From }{ take ^. 

15. From j off take ^ of f. 

iofi-ioff = i-i = A — A = AfAiia. 

16. From ^ of | of i^ take ^ of ^ of H- Ans. ff 

17. From f of A oTf J take l of H o^ A* 

18. From -t| take ^. 

4f 9f 

|| = ^ = V-r¥ = ¥XA = «; ] Complex fractioni 
?£ 2? Vreduced 16 sinipla 

9| = y = V-?-V = VX /r = H»;Jones. 

♦!-m = f»H-«tt = «M = MSF>Aiia. 

19. From^take|| 

20. From (s. take ^d. 

(b) i3. — H=V<1— H = fH — A^=«<^ = Vr^UAna. 

ar> is. — Jd. = Js. — jj«- = AV*- — Tiw*- = iV»s-> 2d Ana. 

(138, b.) 

21. From ^gaL take ^qt. Ans. iJgaL or 1^^^ 

22. From ^ton take ^cwt. 
28. From fwk. take |h. 
24. From Jd. take f m. 



25. Fram flb-tEike f^ 

26. From } take ^. 

27 From f take {. 

2 2_ (9 — 7) X2 _ 4 

28. From ^ take <^. 

29. From | take iA:« 
80. From^V- take V* 
SI. From f ^ take ^. 

82. From f f t^e ||. . 

83. From S^ take 2^ 

(d) 8A — 2T^r = 7H — 2A = «A>Ana. (188, d.) 

84. From 9^ take 1}. 

9i — lf=85 — 1J = 8H-1A = 7tV»Aiis. 
8& From 19f take 14fp Ana. 4|i* 

86. From 46^^ take 27^ 

87. From 27^ take 13}. 

88. From 146^ take 24^ 

89. From 276 take 72f 
40. From 82| take 71. 

140. Miscellaneous Examples .in Fraotioks. 
Ex. 1. Divide |^ X 72} bj } of } of 9}. Aiis. 9]. 

2. Multiply II -^i by 4 of 8f Aiis. 8]. 

8. Add {£ f s. ^ and fqr. together. 

4. Beduce 4} rods, 2| yards, 2| feet and 7} inches to tbe 
finctioa of a furlong. 

5, Subtract i of A from j| X 2^. 

4i 

6w Reduce | of a gallon to wbole numbers <^ lower denominft- 
tioiuk 
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7. If lib. of veal is worth 12} cents, what is the 7alue of 19 i 
lb. 9 

8. A firkin contains dSjlb. of butter; what is the value of the 
butter at 23 j^ cents per lb. ? 

9. If I of a bushel of wheat is worth $1}, what is the value 
of 25 1 bushels? 

10. ' Paid $6^9 for ^| bushels of potatoes ; what should I pay 
for 27^ bushels? 

"^11. Divide $144 among 5 men and 7 boys, so that each man 
shall receive i as mudi as a boy ; what will each receive ? 

Ans. Each man, $14} ; each boy, $10f . 

12. If 15bbL of flour cost $157^, what will 7^bbL cost ? 

IS. If 2^ cords of wood will pay for 83^ gallons of molasses, 
what quantity of wood will pay for 7^ times 33^ gallons of 
molasses ? Ans. 18| cords. 

14. If ^ of a bushel of oats cost 42 cents, how many oats 
may be bought for $8^^ ? Ans. lO^bush. 

15. 32 is } of how many times J- of 12 ? Ans. 9 times* 

16. 36 is f of how many times 9 ? 

17. f of 28 is i of how many fifths of 15 ? 

18. 4 of 15 is 1^ of how many eighths of 88 ? 

19. What is the value of ll^yd. silk at | of a dollar per yd.? 

20. Sold a watch for $87^, which was { of its cost ; what was 
lost by the transaction ? 

21. Reduce |^f } to its lowest terms. Ans. ^. 

22. How many cubic feet are there in -^ of a cord of wood, 
and what is its value at $5^ per cord ? Ans. 104^ ft. ; $4^. 

23. Bought 73}bush. com for $64|| ; what is the value of 
64bush. at the same price ? Ans* $56. 

24. Reduce § of a farthing to the fraction of a pound. 

Ans. j^\f. 

25. What is the value of 72 Jib. plums, at 27 J cents ? 

Ans. 2003JJcts. = $20.03 JJ. (34, Note 4.) 

26. How many cubic feet in a box that is 62ft;. long, 5)ft> 
wide and 3 Jft. deep ? 
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17 2 

6| X 51 X 81 (77) - y X y XT=g X 9 X 5 ^ 

-15- = 117H» Ans. 

KoTB. — In solving problems, it is desirable to cancel (127, a, Ncte t) 
M much as convenient 

27. How many dozen bottles containing If pints each are 
required to bottle 63 galloiis'of wine ? Ans. 24. 

28. What is the value of my fiurm, which contains 73-[^ acreS| 
worth*$96J per acre ? • Ans. $7025,86T*r. 

29. What cost 1763ilbs. sugar at C^cts. ? Ans. $110.19}. 

30. K it costs $8^ to carry 13cwt. 3qr. 5-,^lb. 19^ miles, how 
far may it be carried for $64 J | ? Ans. 139-]^^ miles.- 

31. How many square feet of boards will be required to make 
3 dozen boxes whose inner dimensions shall be 3^ feet in length* 
and breadth and 2;^ feet in depth, the boards being 1 inch in 
thickness ? Ans. 2129. 

32. How many feet will be required to make 36 boxes whose 
cuter dimensions are as expressed in the preceding example, 
the boards being of the same thickness ; and what is the differ- 
ence of the capacities of the two sets of boxes in cubic inches ? 

Ans. 1907ft.; 274608c. in. 

33. If 2|yd8. cbth «ost $7.70, what will j of # of a yard cost ? 

Ans. $1|.' 

34. Bought { of a 12 acre lot and sold J of the part pur* 
diascd; how much had I remaining? Ans. 4| acres. 

. 35. The trans-Atlantic telegrapii (mentioned page 26, Ex. 69) 
IS to extend from St. John's, Newfoundland, to Valencia, Ireland, 
1610 miles in a straight line ; to allow for deviations from a 
straight course, inequalities of the sea-bottom, etc., the cable is 
to be 1 II as long as would be required for a straight line; the 
iron wires in each bundle are twisted together, and the bundles 
run spirally around the cable. Now, supposing it necessaiy to 
mcrpase th^ length of the wire 1 foot in eveiy 20|,in oQiiflequeno6' 
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of twisting tbe wires, and 1 foot in 24 because of t^e bundles' ran-' 
ning spirally, what length of wire will be required for the cable? 

Ans. 362001^ miles. 

86. The trans-Atlantic telegraph cable is to weigh 1 ton per 
mile ; what will it weigh per foot? 

87. If it require 3^ bushels of oats to sow an acre, how maxiy 
bushels will be required to sow 7^ acres ? Ans. 23f. 

38. If I pay $1} per gallon for oil, what shall I pay for ld| 
gallons ? Ans. $18^^. 

39. A pole 12^ feet long eaeto a shfdov ^ feet at 12 o'clock ; 
what is the. length of tbe sbadcxir cast by a steeple 133^ feet 
high, at the sanie time ? Ans« S^^SL 

40. K a pole 12^ feet long casis a shadow 3^ foet at 12 
o'clock, what b the hight of a steeple that easts a shadow 33^ 
feet at the same time ? 

41. Bought 7 yards of one kind of cloth and 3^ times as masy 
yards of another kind ; for the former I paid i as many doUtJV 
per yard as there were yards of the latter, and for ike latter f 
as much p^r yard as for the former. What was the price {jiev 
yard off^A and tbe eo^of the whole? 

Ans. •] $lf i^.prifoe of latto'i; 
( >«6tVV, total cost 

42. if the cargo of a ship be worth 1(72000, and if f of } of { 
of thecaiigobe worthl of f of jf of the ship, whatis the value 
of the ship ? ^ Ans. $24000. 

43. Of the inhabitante df s certain town, f are formers^ f 
mechanies, \ manufacture*:?, ^ students and professional me% 
and the remainder, wxrutii^VMtug 142, are engaged in various occu- 
pations. What is 'M population of the town. Ans. 5040* 

44. A cerUdn rcom is 16^ feet in length, 15 feet in width, and 
8§ fee. IP IicigLt. In this room are 4 windows, each 3 feet wide 
by 4^ feet aigh, having 12 panes in each window ; also, 4 doors^ 
each 3 j^ feet wide by 8 feet high ; the base-boards are f of a foot 
wide- A glazier fomishes and sets the glass for 15^ centa pw 
nanft a naiirtf r naiDtatbe doankbMftand flomi for 34 oeiitanBr 

pernio ^j»^>w^^* l^^w • • ^ • ■■ *■'.•■ ■' »■» ^m^^. ^<iw*» ^»^ ♦ ^ff^^^m- g^^*- 



•qoare fo(H, and a mason plasters the room for 22^ cents p^ 
square jard. What is the cost of glazings painting mid plaster* 
ing? Ans. $34.94 1. 

45. What would be the cost of carpeting the room mentioned 
in Example 44, the carpet being a yard wide and costing Sl| 
per yard ? Ans. %3G%. 

46. What is the cost of papering the abore room, the paper 
costing 1^ of a dollar per roll, each roll containing 17^ yarda» 
the paper being If feet in width, the paper-hanger charging ^ 
<kf a dollar per roll for hanging it ? Ans. $2^. 

47. A merchant bought 48| Ihs^ butter of one customer, 28^ 
af another, 2^-^ of another, and 56f of another; how many 
poinds did he buy, and what ia the yalue of the lot at 22^ centa 
per pound ? Ans. 158|| lbs. ; $35.73^. 

48. A purchased 22 lbs. sugar at 6^ cents, 10 lbs, tea at ^ oi 
a dollar, 50 lbs. rice at 4^ cents, 1 bbl. flour at $6^ and 38 yiffds 
of sheeting, and gave 2 ten-dollar bills to the merchant, who 
returned $3^ ; required the pric^ per yard of the sheeting ? 

Ans. 8^cts. 
4&. How many times will a wheel that is 9^ feet in circum- 
ference, turn round in running 17| miles ? Ans. 10041f. 

50. The distance ^n^ the earth to the sun is about 95000000 
miles ; in what time will a car run that distance, running 37} 
miles per hour, allowing 365:| days in a year ? 

-^ Ans. 288y. 368d. 13h. 20m. 

51. A farmer, owning 142^ acres of land, sold 53a. 3r. 20rd. } 
how much had he left ? Ans. 882a. 

52. A farmer, owning 144^ acres of land, cultivated 2^ acres 
potatoes, 3^ corp, 3^. wheat, 1| rye and 1| oats, from which he 
harvested 250 bushels potatoes, 56^ com, 32|^ wheat, 25 rye and 
62^ oats per acre, respectively. He also cut 2^ tons hay oo 
each of 20^ acres, and, upon the remainder of his land, he pas- 
tured 56 sheep, 12 cows, 2 pairs oxen and 3 horses for 25 wccka 
He sold his potatoes, com, wheat, rye and oats at 62 1^, 87^. 162|^ 
100 and 45 cents per bushel, respectively ; he sold his hay al 
tl2| p^ top, and received 4^ 25, 40 and 50 cents ^ch ^ 
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week, respectively, for pasturing thesbeep, cows, oxen and 
horses. What were the net profits of this farm, supposing that 
he paid $32 taxes, and that the cost of cultivating and harvesting 
the potatoes, com, wheat, lye, oats and liaj was $35, $35, $33, 
$25, $15 and $6 per acre, respectively? Ans. $1070.28f |. 

53. A mercliant, ownitag % oi 9, ship, sold | of his share for 
$3000 ; what was the value of the ship ? Ans. $12000. 

54. The cargo of a certain ship is worth $48000, and f of the 
vuLue of the cargo is -^ the value of the ship ; what is tlie ship 
worth ? Ans. $12000. 

55. In a certun school ^ the scholars study arithmetic, | 
algebra, | geometry, and the remainder of the school, viz. 10 
scholars, study surveying ; how many scholars are there in the 
school ? Ans. 200. 

50. (i + ^ + f-J + J + i)x5j=? Ans.l2HJ. 
57. f + ^ + (f-S + i + i)x5J=? Ans.6H}. 

58- A-7-2 + AX4 — i-i-i — fX|=?, Ans.lTl7. 

59. J -1. (2 + J) — f ^ 12 = ? Am.^. 

60. iof^ + ^^lf + aoff+iX«)^t— |-X 

8 = ? Ans. 1^5, 

61. £| + f s. + |d. — Jqr. = what fraction of a pound ^ 
what fraction of a shilling ? penny ? farthing ? 

UU Ans. £AVAV 

62. 27| is a divisor, and 5^ is the quotient; what is the 
dividend ? Ans. 148. 

63. The sum of two numbers is 87}, and one of the numbers 
is 18f ; what is the other ? Ans. 68 gV 

64. The diffe^nce of two numbers is 17§, and the less num. 
ber is 18^ ; what is the greater? Ans. 35|J-. 

65. 48| is a dividend, and 24| is the qtfotient ; what is the 
divisor. Ans. 2. 

66. 47^ is the product of two factors, and 12^ is one of thoSe 
factors ; what is the other ? Ans. 3|f%. 

67. 17§ is a dividend, and 15} is the divisor ; what is the 
quodont ? Ana. 1 ^. 
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68. The &ctors of a certain number are 82^, 15f and 19f ; 
what is § of } of } of the number ? . Ans. d22df }. 

69. What is the value of f of ar barrel of flour at $7^ per 
barrel? Ans. $5-1. 

70. How much doth that is f of a yard wide will it take to 
line a cloak containing 8^ yards which is \i of a yard wide ? 

•■ '•"^ Ans. 12ft y^- 

71. A can build 83^ rods of wall in 24| days by laboring 12^ 
hours per day; in how many days of 9f hours will^he build Iji 
times as many rods ? ^^^ * ^ 

72. A garden whose breadth is 10 rods, and whose length is 
If times its breadth, has a wall 3^ feet thick around it ; what 
was the cost of digging a trench 2| feet deep, in which to lay 
thb wall, at f of a cent per cubic foot ? Ans. $62.9 4|. 

73. What will be the iSost of ^digging a ditch around the above- 
mendoned.garden, within and adjacent to the walL S^ feet wide 
and 2 J feet deep, at f of a cent per cubic foot ? ' ^K * ^ 

74. A can perform a piece of work in 6 days of 10 hoars 
each, and B can do the same in 8 days of 11 hours ; in how 
many days of 11 hours can A and B together do the work ? 

Ans. 3^^. 

75. A sold an ox for $62.50, and received in payment 12^ 
yards of broadcloth at $3^ per yard and the balance in sugar at 
12^ cents per pound ; how many pounds did he receive ? 

76. Bought a pair of 'oxen and a horse for $340 and a wagon 
for f the price of the horse. The oxen cost f the price of the 
horse ; what was the cost of each ? 

77. From a piece of land that is 7f rods long and 7^ rods 
Wide, take 3^ square rods and 3^ rods square, and what will 
remain ? Ans. 37f^ square rods. 

78. A ojims -^ of a field, and B, the remainder ; the differ- 
ence between their shares is 7a. 3r. 15^rd/ What is B's share ? 

^ 79. A boy, having a number of marbles, gives to one school* 
fellow ^ of them ; to another i ef the remainder ; loses ^ of 
what then remains ; and sells 24- times as many as he loses, when 
he has but 6 marbles left How many had he at first ? 

9 
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80. If a haautj of 5 penons eat .f of a banBl of floar in 4{ 
weeks, how much will he sufficient for 24| weeks, if the iamfljr 
Is increased hj f its former number ? 

81. A raiment of 1024 men are to he clothed with cloth tliat 
is -y^ of a jaid wide. Now, if it takes 2f yards of this doth 
lor each soldier, how many jards of doth that is } of a yard 
wide will be suffident to line all the garments ? 

82. What number is that which, being increased by f of f ol 
lOf and.the sum diminished by 7^, will give a remainder of 9| 



§ 11. DECIMAL FBACnONS. 

14:1* A Decimal* Fraction is a fraction whose denomina- 
tor is a unit with one or more dphers i^nnexed. 

143* The denominator of a Vulgar Fraction may be ainy 
number whaievery and ike fobm of the denohinatob of a 
Decimal Fraction is its distinguishing chabacteristic. 

143* Every prindple and every operation in Vulgar Frao- 
tioos is equally applicable to Decimals ; f* but the peculiar form of 
the denominator gives facilities for bgerating in Decimals that 
do not exist in Vulgar Fractions. 

14L4L* The denominator of a dedmal fraction is not usually 
expressed, since it can be easily determined, it being 1 with aa 
many ciphers annexed as there are figures in the given decimal 

14:S« ^ decimal fraction is distinguished from a whole num- 
ber by a point, called the decimal point or separatrix, placed 
before the decimal; the first figure at the right of ihe point is. 
tenths; the second, hundredths; the third, thousandths;- etc ^ 
thus, .6 = T^, .25 = ^, .042 = tJ?^. 

* Decimal, from the Latin decem^ ten. 

t By the tenn decimals usually mean a i>boimal fbaotiox. 



DECIMAL FBACTIOK8. 



99 



14:0* Since whole numbers and decimal fractions both 
decrease by the same law from lefl to right, they may be 
expressed together in the same example, and numerated as in 
the following 

NUMERATION TABLE. 
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14:7* The integral number i? numerated from the separatrix 
toward the left, and the fraction frx)m the same point toward the 
right, each figure, both in the whole number and decimal, taking 
its name and value by its distance from the decimal point. 

148* In reading a decimal, we jnay give the name :o each 
figure separately, or readmit as a whole number and give the 
name of the right hand figure only ; thus, the expression .23 
may be read -^ and yj^y, or it may be read -j^^, for -^ and y^ 

= VyV and T*TF = fy^<T- 

149* Since multiplying both terms of a fraction by the same 
number does not alter its value (133, a. Note 1), annexing one 
or more ciphers to a decimal does not afiect its value; thus, 
^ = T^^y = ^^, etc. ; i. e. .2 = .20 = .200, etc 

ItSOt Prefixing a cipher to a decimal, i. e. inserting a cipher 
between the separatrix and a decimal figure, diminishes the 
value of that figure to -^ its previous value ; for it removes thi 
figure one place farther from the decimal point (147) ;' t]iuB 
^ = ^, but .03 = only ^, which is but ^ of tV- 
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What is the effect of prefixing 2, 8 or more ciphers to a decl> 
nal? 

1S1« A Tulgar fraction is sometimes annexed to a decimal; 

thus, .2i. This is equiralent to the complex fraction 7^. The 

10 

mlgar fraction is never to be connted as a decimal place, but it 

is always a fraction of a nnit of that order represented by th# 

preceding decimal figure; thus^ in i234^, the ^ is half of a 

thotuandth* 

Notation of Decqlax Fractions. 

1S9» Let the pupil express in figures the following num- 
Ders: — 

1. Twenty-seven hundredths. Ans. .27. 

2. Thirteen thousandths. 

3. Eighty-nine tenths (^ millionths. 

KoTE. — ^An ambiguity often arises in emmdadng a whole number and a 
decimal in the same example ; thus, .203 is two hundred and three thou- 
sandths, and 200.003 is two hundred^ and three thousandths. This ambi- 
^ity may, however, be avoided by placing the word decimal before the 
'hiction ; thus, 200.003 may be read two hundred and decimal three thou- 
sandths. * 

4. Write the decimal two hundred and fifty-two thousandths. 

5. Decimal six hundred and sixty-three tenths of thousandths. 

6. Five hundred and decimal five thousandths. 

7. Three thousand and decimal three thousandths. 

8. Twelve hundred and fifty and six-tenths. 

9. Decimal seven hundred and seventy-seven thousandths. 
10. Eight thousand and decimal eighteen millionths^ 

ItiS. Let the following numbers be written in words, or read 
iwlly : — 

1. 865.0004 

2. 42.4247 

3. 500.0005 



\ 796.6704 

4.00m 06 



6. 87654.00002 

7. 40000.000004- 

8. 278.46943827 

9. 202.4 

10. 99.999999 
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KoTE 1. — ^Addition , 8abtnu:tioii, multiplication and division of decima' 
fractions a^e performed precisely as the same operations in whole nnmberr 
— xio farther explanation being necessary except to determine the place ol 
the separatrix in the several results. 
• NoTB 2. — The j>roo/s are the same as in whole nnmbers. 

Case 1. 

It1^4:« To add deciinal fractions, 

Rule. — Plact tenths under tenths^ hundredths under Ann* 
dredthSf etc, ; then add as in whole numbers, and place the paini 
in the sum directly under the paints in the numbers added, 

Ex. 1. 2. 3. 

4.56 80.7423 8742.94287 

8 7.9 42 5.9 8 7 2 403.024 

Sum, 9 2.5 2 8 6.7295 91-45.96687 

Proof, 9 2.5 2 8 6.7 2 9 5 

4. 5. 

876934.9427 87 69.45 27008 6584 

8769 5.4 86794 2 7.0 06467892 

769400.870064 .542 

88764 5.0 00006 7 2.8 42761 

4 2 7.0 6 5 4 5 6 7 8 4 2.0 4 7 6 9 7 3 8 7 

6. Add 3.58, 647.2, 984.00087 and 2.46987. 

7. Add 4869.5, 47.6908, 4.00306 and .87428. 

8. Add 5678,42.7, 98732.004 and .000006. 

9. Add .569, .874, .5369, .8769432723. 

20. Add 38.38, 5000.005, 300.003 and 33.333. 

11. Add two himdred and decimal two thousandths ; thirtf* 
five millions and four millionths ; thirteen thousandths ; thirteen ; 
forty thousandths ; and decimal three hundred and three thou- 
sandths. . Ans. 35000213.358004. 

12. What is the sum of one hundred and fiflj- three thousand 
four hundred and forty-seven, and sixteen millionths ; fourteen, 
and four tenths of thousandths ; five hundred and ten, and five 
hundredths of billionths ; and decimal on^ hundred and seventy 
sey^ thouasndths f 

9* 
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Case 2. 

ISS» To subtract a less decimal from a greater, 

KuLE. — Place the less number under the greater^ tenths undef' 
tenths, etc. ; then subtract as in whole numbers, and place the 
point in the remainder, directly under the points in the minuend 
and subtrahend. 

Ex. 1. 2. 3. 

From 8.7 42 6 43.0 2 65 4 8 7.4692 

Take 3.8 6 1 4 3 2.6 9 8 47 2 7.2 3 5 4 8 7 

Rem. 4.8812 10.32807 60.233713 

Proof, 8.7 42 6 43.02 65 4 

Note. — ^If, as in Ex. 8, there arc more figures in the subtrahend than^m 
the minuend, the deficiency may be supplied by annexing ciphers, or sup- 
posing them annexed, to the minuend. 

4. From 876.54708 take 43.876952. 

5. From 869542.7 take 32.57694287. 

6. From seventy, and fourteen thousandths take sixteen, and 
sixteen hundredths. 

7. From sixty-six millions take sixtj-six millionths. 

8. From .876954 take .00476954. 

9. From 874369. take .534269. 
10. From 3.0000542 take 1.47999. 

Case 3. 

ltS6« To multiply one decimal fraction by another, 

Rule. — Multiply as in whole numbers,, and point off as m^any 

figures for decimals in the product as there are decimal places in 

^th factors, counted together, 

Ex. 1. Multiply .43 by .27. 

OPERATION. PROO*'. 

Multiplicand, .4 3 .2 7 

MultipHer, _^ AS 

301 81 

86 ' 108 

Product, .1161 .1161 
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(a) If tlie number of figures in the product is less than the 
number of decimal places in the two factors, the deficiency must 
be supplied by prefixing ciphers to the product. 

2. 8. 

Multiplicand, 3 4.5 6 7 8 ' .2 5 

Multiplier, 3^ .2 5 

1728390 125 
10 37084 50 

Product, 1 1. 0.9 8 7 3 , .0625 

Note. — The reason of the role for pointing the prodact will be obyioni 
if we change the decimals to the form of vulgar fractions and then perform 
the multiplication ; thus, 

•43 X .27 = ^%X^jy= iWMr = -1161, as in Ex. 1. 
Again, .25 X .25 = ^tj X Mu = tU^ = -0625, aa in Ex. 8. 

.4. 5. ' 

Multiplicand, .7^2 8 4 .47 8 6 

MultipHer, .00023 . .2 7 

21852 83502 

.14568 9572 



Product, .000167532 .12 9 2 2 2 

6. Multiply .4786 by .127. Ans. .0607822. 

7. Multiply 587 by 4.32. Ans. 2535.84. 

8. Multiply .427 by 345. Ans. 147.315. 
' 9. Multiply 4.69 by 38^46. 

10. Multiply .2467 by .1068. 
. 11. Multiply 38.74 by 364.9 

12. Multiply .0008 by .0005. 

13. Multiply 3874. by .2694. 

14. Multiply 38.42 by 276. 

(b) A decimal fraction may be multiplied by 10, 100, etc, 
by mo^'ing the separatrix as many places towards the riffht an 
there are ciphers in the multiplier; for by moving the point one 
place to the right, 'each figure in the multiplicand is made 10 
times as great as before, and consequently the result is 10 times 
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as great as the multiplicand (147) ; thus, 87.45 X 10 = 874Uii 
86.954 X 100 = 8695.4; 58.64 X 10000 = 586400. 

# 

15. Multiply 56.423 by 10. 

16. Multiply 3467.28 b^ 10000000. 

17. Multiply .0467 by 100. Ans. 4.67. 

18. Multiply .00573 hj 1000. 

19. Multiply 376.94 by 1000. 

20. Multiply 3.76 by 20. Ans. 75.2. 

In Ex. 20, multiply by the £^ctors of 20, viz., 10 and 2 ; i«««. 
move the point one place to the right and then multiply by f. 

21. Multiply 8.764 by 400. Ans. 3505.6 

22. Multiply 6.6482 by 38000. 

23. Multiply .00004 by 56000. 
. "24. Multiply 84.27 by 60000. . 

25. Multiply 8.469 by 804000. 

Case 4. 

1S7* To divide one decimal fraction by another, 

Rule. — Divide as in whole numhers, and point off €ts many 
-figures for decimals in the quotient as the numher of decim^d 
places in the dividend exceeds those in the divisor* 

Ex. 1. Divide .645 by .15. 

OPEBATION. « PBOOF. 

.1 5 ).6 4 5 ( 4.8 .15 Divisor. 

60 4^ Quotient. 

45 .45 

45 60 



6 45 Dividend. 

2. 8. 

Dividend, 8.43648108 1.257512<S 

Divisor, .12 -2.5 

Quotient, 70.804009 .5 030 05 
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^a) If the number of figi^res in the quotient is less than the 
excess of decimal places in the dividend over those of the divi^ 
tor, supply the deficiency by prefixing ciphers to the quotient. 

4. 5. 6. 

Dividend, .0 00792 .0 8756 .12 48 

Divisor, .12 lA 2.4 

Quotient, .0066 .0796 .052 

Note. — The dividend is a product, of which the divisor ^nd qaotiail 
•re the factors (55) ; hence the role for pointing the quotient. 

7. Divide 38.7425 by .25. Ans. 154.97. 

8. Divide 15.36246 by 469.8. 

9. Divide .65084958 by 3.69. 

10. Divide .176382 by .369. 

(b) K there are more decimal places in the divisor than in 
the dividend, the number may be equalized by annexing i>ne or 
more ciphers to the dividend. The quotient will then be a 
whole number. 

11. Divide 1941.885 by .7846. Ans. 2475. 

12. Divide 10634.16 by .4506. 

(c) If there is a remainder after all the figures of the divir. 
dend have been used, the division may be continued by a^n^x- 
ing ciphers to the dividend. Each cipher annexed hedomej a 
decimal place in the dividend. 

In some examples this operation may be Qontinued until there 
is no remainder, but in others tltere wiE necessarily be a remain- 
der, however far the operation may be continued. This latter 
class of examples gives rise to circulating decimals, which will 
be discussed in the Suppjement. It may be remarked, however, 
that, if the divisor ^joiifains no prime factors* but 2's and 5's, the 
division can ahpdys be carried until there shall be no remainder; 
but if there is any other prime factor in the divisor, the division 
can ne^er he completed unless the same other factor is in the 
original dividend ; for a dividend is not divisible by a divisor 
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unless it coatains aU the bcUxn of the diyisar ; whereas annex 
ing ciphers to the dividenid inizodaces no prime fiictor into it^ 
cjLoept 2's and 5*8. 

13. Divide .8746 hy .32. Ans. 2.733125. 

^ 14 Divide .45 by .8. 

15. Divide .87693 by .64. 

NoTB. — ^When a dedmal is not complete, we aometimes place thetiga -f 
irfler it, ngnifyiiig that there is a remainder. 

16. Divide .8742 by .56. Ans. 1.5610714 -^ 

17. Divide .34 by .27. 

18. Divide 56.7 by 2.9. 

19. IMvide 87.69 by 47. 

20. Divide 87.69 by .47. 

(d) A decimal fraction may be divided by 10) 100, etc., by 
moving the separatrix as many places towards the left as there 
are ciphers in the divisor ; for, by moving the point one place to 
the left, each figure in the dividend is made only ^ as great as 
before, and consequently the result is cmly -j^ as great as the 
dividend (147) ; thus, 874.5 ^ 10 = 87.45 ; 8695.4 -5- 100 = 
86.954 ; 46.87 -1- 100000 = .0004687. 

21. Divide 7846.987 by 1000. Ans. 7.846987. 

22. Divide 54.276 by 100000. 

23. Divide 46.08 by 1000. ^ 

24. Divide .7842 by 1000. 

25. Divide 769.428 by 200. Ans. 3.84714 

In Ex. 25, divide by the factors of 200, viz., 100 and 2; L e, 
move the point two places to thel«ft and then divide by 2. 

26. Divide 48.9632 by 4000. Ans. .012240a 

27. Divide 769.842 by 3200. 

28. Divide -3505.6 by 400. 

29. Divide 874.69 by 64000. 

80. Pivide 46.8742 by 16000000. 
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Case. 5. 

1S8. I X 100 = ajtt = 75; and 75 ^ 100 = .75. 

If a namber be multiplied by any number, and the product be 
divided by the multiplier, the quotient will be the multiplicand 
(GO). Now, in the above example, f is multiplied by 100 by 
annexing two ciphers to the numerator ; the fraction ^^ is then 
reduced to tlie whole number 75, and, finally, 75 is divided by 
100 by plftciiig the decimal point before the 75 ; .*. J = •75. 
Hence, ^ 

To reduce a vulgar, fraction to a decimal^ 

BuLE. — Annex one or more ciphers to the numertxtor and 
divide the remit hy the denominator^ continuing the operation 
until there is no remainder, or as far as is desiroMe, Point off 
as many decimal places in the quotient as there are ciphers am* 
nexed to the numerator, 

Ex. 1. Reduce f to a decimal fraction. 

I X 1000 = ^!^ = 625 ; and 625 ^ 1000 == .625, Ana. 

2. Reduce ^ to & decimaL * . Ans. .1875. 

3. Reduce ^^ to a decimaL 

4. Reduce ^ to tf decimaL Ans. .20833-]-. 

There being the factor 3 in the divisor, in Ex. 4, and no 
sach element in the dividend, there must neceissarily be a 
remainder, however far the division may be continued (157, c). 

5. Reduce -^ to a decimaL 

6. Reduce i, i, fy, |^, ^, J^ and |Sf to decimals. 

ISO. Bvery decimal fraction is a vulgar fraction, aLd, if itf 
denominator be written, it will appear as such. It may chen be^ 
reduced to lower terms, or modified like any other vtJgar frao^ 
tion. 

Ex. 1. Reduce .24 to the form of a vulgar fraction and iLcF. 
to its lowest terms. .24 ^ -^ = \% =, A, Ans. 

This piooess proves the rule in Art 158. 
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2. Reduce .025. 

.025 = T§J^ = 5 J^ = ^, Ana. 

3. Eeduce .13. Ans. ^'^j. 

4. Reduce .4765, .87698, .000476 and .0075. 

6. Reduce 3.5. 8.5 =.^z=z J,«Ang 

Case 6. 

100. Reduce 6d. and 3qr. to the decimal of a shilling. 
1st. 3qr. = f d. = .75d.; .•. 6d. and 3qr. ^ 6.75d. 
2d. 6.75d. = 5j-i^s. = i5e25s. 

The principle is tjie same as in Art. 158. Hence, 

To reduce whole numbers of lower denominations to the deci- 
mal of a higher denomination, y 

Rule. — Having annexed one or more ciphers to the lowest de- 
nomination, divide by the number it takes of that denomination to 
make one of the next higher, and annex the quotient as a decimal 
to thai next higher ; then divide the result by the number it takes 
of THIS denomination to make 'One of the next higher, and $o 
continue till it is brought to the denomination required, 

Ex. 1. Reduce 8s. 5d. Iqr. to the decimal of a pound. 



4 
12 

20 



1.0 qr. 



5.2 5 Od. Iqr. = J25d. ; 5.25d. = .43758. ; 



8.4 3 7 5 8. 8.4375s. = £.421875, Ans. 



£ .4 2 1 8 7 5, Ans. 

2. Reduce Ifl. 3in. 2b. c to the decimal of a yard. 

2. 00 00 Ob. c! In this example 

3.66 6 66 6 6-1-in. ^^^re will be a re- 

Ti~~f\TV^'^~\~^ mainder, however far 

i.d u D -{- tt. ^i^Q operatior is car- 

.43 5 1 8 5 1 -f- yd., Ans. ried. 

8. Reduce 6oz. 18dwt. 15gr. to the decimal of et pound Troy 
weight. Ans. .577£04l6Glb.+. 

4. Reduce 8§ 43 23 5gr. to the decimal of a pound. 



3 

12 

3 



12 


6.0 m. 


8 


2.5 0ft, 


2 


5.8333+yd. 
2 


11 


11.6 6 6 6 + halfyds. 




1.0 6 6 + rods, Ans. 
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5. Eeduce 12cwt. 3qr. 211b. 8oz. 4dr! to the decimal of a ton* 

6. Reduce 5yd. 2fl. Gin. to the decimal of a rod, long meas- 
are. 

Since one of the di« 
visors, in this example, 
is 5^, both divisor and 
dividend are reduced to 
halves. The feet and 
inches are more than a 
half yard; .'. the sum 
of the* given numbers is 
more than a r6d. 

7. Reduce 543a. 3r. 36rd. 25yd. 8 ft. 36in. to the decimal of 
ft square mile. 

8. Reduce 56ft. 1725in. to the decimal of a cord. 

9. Reduce 3qr. 2na. lin. to the decimal of a yard. 

10. Reduce* 3qt, Ipt 3gi. to the decimal of a gallon. 

11. Reduce 3pk. 7qt. Ipt. to the decimal of a bushel. 

12. Reduce 3wk. 6d. 40m. 30sec. to the decimal of a lunar 
month. 

13. Reduce 8s. 24® 50" to the decimal of a circumference. 

14. Reduce 19cwt. 8oz. to the decimal of a ton. 

15. Reduce 3fur. 25rd. 2yd. Gin. 2b. c to the decimal of a 
mile. 

Case 7. 

lOl. To reduce a decimal of a higher denomination to whole 
numbers of lower denominations. 

Rule. — Mukiply the given decimal hy the number it takes of 
the next lower denomination to make one of this higher, and place 
the separatrix as in multiplication of decimals; multiply the 
decimal . PART of this product hy the number it takes of the 
NEXT lower denomination to make one of this, and so proceed a$ 
far as necessary. The several numbers at the left of the points 
will he the answer, 

10 
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Six. 1. Reduce .4218?5£ to shillings, pence and faiihings. 

Ans. 8s. 5d. Iqr. 

This article is the reverse of Art. 
£ .4 2 1 8 7 5 160 ; .1. first multiply by 20, because 

20 there will be 20 times as many shil^ 

8.4 3 7 5 0s. ^S^ *^ pounds. For a like reason, 

2 2 multiply the fr<ictional part of a shil- 

: ling by 12, to reduce it to pence, etc 

0.2 d. ^i^j, having fixed the decimal point 

^ in the several products, the ciphers ca 

1.0 qr. ihe right of the significant fibres 

are disregarded. « 

2. Reduce .9375 of a gallon to quarts, pints and gills. 

Ans. 3qt Ipt 2gi. 
8. Reduce .84 of a lunar month to weeks, etc. 

Ans. 3w. 2d. 12h. 28m. 48sec 

4. Reduce .7694 of an acre to roods, etc 

Ans. 3r. Srd. 3yd. IfL 45.216in. 

5. Reduce .6543 of a mile to furlongs, etc 

Ans. 5fur. 9rd. 2yd. Ofk. 2in. l+b^c 

6. Reduce .54324 of a pound Troy to ounces, etc 

7. Reduce ;57691b. to J, 5, etc 

8. Reduce .0876 of a ton to cwt, qr., etc 

9. Reduce *9876 of a mile to fur., ch., etc 

10. Reduce .4698 of a cord to eft., cu.ft., etc 

11. Reduce .8694 of a yard to qr., na., etc 

12. Reduce .7564 of a l^shel to pk., etc 

103. Miscellaneous Examples in Deodcal Fbaotions. 

Ex. 1. Bought 14.f&yds. sheeting at 14 cents per yd. ; what 
was the cost of the piece ? Ans. $2,065. 

• Note. — Decimal fractions are pecnliarlj adapted to operations in Fede- 
ral Money, the denominations of which conform to the decimal notation. 
The dollar is the unit, and dimes, cents and mills are tenths, hundredths and 
thousandths. ^ 

2. Bought 20.5 tons of hay at .$12,375 per ton ; what wa^ 
Ui9 cost of the whole ? Ans. $253,687^. 
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9. Wliat is the valae of 67.75 acres of laad at $62.50 per 
acre? 

4. Paid $4234.375 for 67.75 acres of land ; what was dio 
price per acre ? 

5. Paid $4234.375 for a piece of land at $62.50 per acre ; 
how many acres were bought ? 

6. Bought land at $62.50 per acre, and sold it again at $75 
per acre, thereby making $846.875 ; how many acres were 
bought? 

7. Bought 67.75 acres of land ar $62.50 per acre, and sold 
the lot for $5081.25 ; was there a gain, or loss? how much total 
and per acre ? 

8. Bought IbbL flour at $12.50, 3bush. com at 87^., 24.51bs. 
sugar at 8}cts., 3gal. molasses at 37^ts., 21bs. tea at 62^ts., 61bs. 

coffee at llcts., 15ibs. rice at 4^cts. and 41bs. butter at 22 
cts. ; what was the cost of the whole ? Ans. $21.76. 

9. Bought 4 loads of hay which weighed 2t. 15cwt. 12^1b., 
It. i9cwt. ejlb., 2t. 4cwt. 18£lb. and 3t. at $15,875 per ton ; 
what did the whole cost? Ans. $157.'46g>^ 

10. Bought 100 sheep at $1,375, and sold them again at 
$1.875 ; what was the gain per head and total? 

11. Bought 133.5yd. broadcloth at $3.25, and sold 33yd. 
of it Ht $3,33^, 50yd. at $3,875 and the remainder at $3.60 ; 
how much was gained by the transactions ? 

12. What cost 13yd. 2qr. 3iia. of cloth at $4.67 per ell 
French — the ell French being 6qr. ? Ans. $42.61f . 

13. What would. 7| bales of cotton cost, each bale weigh- 
ing 6.375cwt., at $11.75 per cwt. ? 

14. Bought 356.251b. wool at 37icts., which was manu- 
factured into cloth at an expense of $62.50 ; at what price 
must it be sold to gain $37.50 ? 

15. What coi^ 5625 feet of boards at $15,625 per thousand ? 

Ans. $87.890625. 

16. What cost 43a. 3r. 25rd. of land at $62,875 per acre ? 
17: What cost 8t. 15cwt.2qr. 12 Jib. coal at $9.75 per Ion? 
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18. What would be the cost of building 43m. 7fur. 25 rd. of 
railroad at $9562.87^^ per mile ? 

19. What will be the expense of papering a room that is 20 
feet long, 15 feet wide and 8.5 feet high, a roll of paper being 
8 jards in length and | of a yard in width, and costing 62Jcts« 
per roll ? 

20. What is the value of .875 cwt. of coal at £2 3s. 6d. Iqr. 
per ton ? 

21. A piece of land is 63.5 rods long and 27J75 rods wide; 
what will it cost to wall it^ at 87}cts. per rod ? 



§ 12. COMPOUND ADDITION. 

103. A compound number is composed of two or more de- 
nominations (64) which do not usually increase decimally, from 
right to left ; consequently, in adding the different denominations, 
we do not carry one for ten, but for the number it takes of the 
particular denomination added, to make a unit of the next higher ; 
thus, in adding Sterling or English Money, we carry for 4, 12 
and 20, because 4qr. make Id., 12d. make Is., and 20s. make £1. 

104:. The principle of procedure is precisely the same as 
in simple addition. Hence, 

To add compound numbers. 

Rule. — Write the numbers so that each denomination shaR 
occupy a separate column, the lowest denomination cU the right 
and the others towards the left in the order of their values. Add 
the numbers in the lowest denomination, divide the amount by 
the number it takes ff this denomination to make one of the next 
higher, set the remainder under the column, and carry the quo* 
\ient to the next column. So proceed until all the columns an 
idded, 

16ff« Proof. — The same as in Simple Addition (34)^ 
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. 


Ex.1. 




£, 


8. d. 


qr. 


18 


13 11 


3 


12 


6 9 


1 


83 


19 10 


2 


. 27 


14 2 


1 


36 


17 3 


3 


2 


5 11 


1 



The amount of the first column 
is llqr. ^ 2d. 3qr. Upon the same 
principle as in simple addition, the 
3qr. are set under tlie column of far- 
things, and .the 2d. are added to the 
pence, making 48d. = 4s. Od. etc. 



131 18 3 



NoTS 1. — In writing and adding the numbers of a tingle dtSiomnatkmf 
ibe mlw of simple addition mast be obserred. 

2. 3. 4. 



£, 8. d. 

45 17 6 
18 19 11 
20 13 10 
72 9 4 
97 8 


f 

2 
2 

1 
3 




£. 
4 
8 
18 
9 
8 


8. 

6 
7 

15 
6 

14 


d. 
9 
4 

4 



r 

2 

1 
1 
3 


rd. 


yd. It. in. 

2 2 11 

4 2 4 

3 1 ' 7 

5 6 

4 2 7 


255 1 5 


3 




& 






or 


3 
3 


4J. 11 
4 2 5 


5. 












6 


• • 




lb. oz. dwt. 
14 10 19 

7 11 12 
18 2 4 

5 18 


21 

5 
20 
14 




far. 
1 

2 

3 

1 


rd. 
5 
4 
6 
3 


f 

4 
5 
4 


ft. 
2 

2 



2 


in. h.e. 
10 1 
4 2 

6 2 

7 










7 
or 7 


21 
21 


2 


2 




4 2 
10 2 


7. 








8. 








9. 


fd. dr» na. in. 

«7 2 1 2 

15 3 3 1 

8 2 2 2 

56 1 1 


m 
9 




gal 
16 
5 
14 
57 


qt. pt 

3 1 
1 
1 1 
1 


f 

1 
2 




■ 


a. r. id. 
63 7 89 
18 ,4 16 
11 5 20 
93 2 1 



10. What is the sum of 56a. 3r. 37rd. 30yd. 8ft 72m., 87a. 
2r. 25rd. 157d. 7fL 143in., 15a. Ir. 14id. 277d. 2fl. 17ih. and 
53a. 3r. 33rd. 207d. 8ft. lOOin.? 

10* 
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11. AAd together 53m. 7fur. 7ch. 2rd. lOli. 2m., 256m. Sfur 
7ch. 2rd. 201i. 2in., 14m. 3fur. 2ch. Ird. 231i. 4m. and 8m. 3fiiR 
2ch. Ird. 131i. 6in. 

12. Bought 3 pieces of cloth, measuring 15 jd, 3qr. 2iia. 2in., 
247d. 2qr. 3na. lin. and ITjd. 2qr. Ina. lin. ; how much did I 
buy? 

13. Add 2circ. lis. 29* 59' 59", 3circ 10s. 18« 15' 13", 5ciru 
3s. 18' 42' 15" and 4circ. 8s. IT* 40' 3" together. 

14. A farmer raised in one field, .58bush. 3pL 4qt. Ipt of 
wheat ; in another, lOObush. Ipk. 7qt. Ipt. ; and in another, 
75bush. Ipk. Iqt. Ipt. How much wheat did he raise in the 
three fields ? 

15. A planter sold cotton at various different times as fol* 
lows : 3t. 19cwt. 3qr. 211b., 4t. 3cwt. 3qr. 141b., 2t. ITcwt. 2qr. 
211b., 14t. 19cwt. Iqr. 71b., 3t. 2qr. 71b., 4cwt. 3qr. 2llb. and 3t 
141b. ; what did he sell in all ? 



§ 13. COMPOUND SUBTRACTION. 

100« The principle of compound subtraction is like that of 
simple subtraction. Hence, . 

To perform Compound Subtraction, 

HuLE. — 1. Write the less quantity under the greater j arrange 
ing the denominations cu in addition* 

2. Beginning at the right, take each denomination of the 
subtrahend from the number above it, and set the remainder 
beneath, 

3. If, any number of the subtrahend is greater than the num^ 
ier above it^ add to the upper number as many as it takes of thai 
denomination to make one of the next higher, and take the subtra^ 
bend from the sum ; set down the remainder and add onb to 
the next denomination in the subtrahend. 





£ 


s. 


d. qr, 


Min. 


6 


9 


111 


Sub. 


3 


15 


5 8 
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407* Proof. — As in simple mbtracHon (37). 

m 

Ex. 1. From £6 4s. 3d. 2qr. take £4 Is. 2d. Iqr. 

jC. 8. d. qr. 
Min. 6 4 3 2 
Sub. 4 12 1 Onl^ the 1st and 2d sections of tlM 

Rem "2 3 1 1 "^® ^VV^l ^ *^ example. 
Proof, 6 4 3 2 

2. From 6£ 9s. lid. Iqr. take 3£ 15s. 5d. 3qr. 

As 3qr. cannot be taken from 
Iqr., borrow one of the lid., 

reduce it to qr. and add it to 

Rem.. 2 14 5 2 *^® ^^^-j ^^^^ say 3qr. from 

■D i» a o — 71 — 1 ^^' leaves 2qr. Now, as on6 

rroot, b y 1 1 1 of the lid. lias been employed, 

say 5d. from lOd., or, what is 
practically the same, 6d. from lid. leaves 5d., and so proceed 
through the example. 

The plan and the reasoning are the same as in simple subtrao- 
^n (36, Ex. 3), and the example may be solved as follows:-^ 

£ 8. d. qr. 
Min. 6 9111>_( 
Sub. •3_J_5__5_3j — I 

Rem. 2 14 5 2 = 

• 3. 

a. r. rd. yd. ft. in. 

From 8 3 30 30 8 133 

Take 4 2 85 25 4 143 

Rem* 4 35 5 3 134 13 1 3 

Proo^ 8330308133 273^2 



£ 


s. 


d. qr. 


5 


29 


10 6 


3 


15 


5 3 


2 


14 


5 2 

4. 




f) 


qt pt. gi 
3 12 




14 


2 13 









5. 








6. 




t. 


cwt. 


qr. 


lb. 


oz. 


di 


lb. 


oz. dr. 


8C. gl 


From 18 


15 


2 


24 


14 


12 


15 


6 4 


2 1 


Take 15 


19 


3 


20 


12 


14 


2 


113 


1 1 


Rem. 




• . 














Proot ' 
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168. Sometiraes, as in the following examples, it it iieces 
sarj to borrow two of the higher denomination of the minuend 
instead of one ; but in all such cases we must cany two to the 
next term of the subtrahend | L e. tre rntut pat tu much a$ W0 

BOBBOW. 

7. 

rd. yd. ft. ixL b.c rd. yd. ft. in. b.e. 

From 12 2 6 l)_flO 10 4 17 4 



} = { 



Take 8 5 2 8 2 f ~ | 8 5 2 8 2 

Rem. 7 5 2 9 2 = 7 5 2 ' 9 1 

Froo^ 120261 = 10 10 4174 

8. 



a. r. rd. jd. ft. in. a. r. rd. yd. ft. in 

Prom 12 2 6 128) _ (1 1 4 78 60 10 200 
Take 8 8 39 80 8 148 J'~'( 8 8 39 3 8 148 

Eeni. 8 1 39 29^ 6 129 = 8 1 89 80 2 57 

Ptoof,12 2 6 128 = 11 4 78 60 10 200 

9. 10. 

m. fhr. rd. yd. ft circ deg. m. ftir. rd. yd. fh 
Min. 97 10 01 5 08 001 

Sub. 2 ^ 4 5 2 2 27 69 5 49 5 2 
Rem. 

Proof, " ~ 

169. The following examples are similar to the preceding^ 
iMit the rule for subtraction is inapplicable until the form of the 
Binnend or subtrahend is changed. 



11. 

rd. yd. ft. in. b.c. ' rd. 
From 15 0) (lA 
Take 14 5 1 5 2j — |l4 

Rem. 


yd.' ft. in b.c. 
5 15 8 
5 15 2 

1 


Proo^ ) 4 


5153 
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M.m» 



rd. jd. ft in. b.c. td, jd. ft. ul hjc 

. Min. 8 1 1> _ j^3 1 1 
Sub. 2 5 2 5 2 ; "" | 3 11 ^ 

Rem* ^ 2 

Proo^ 3 1 0~1 

13. U. 

ft. r. rd. yd. ft. in. ciic deg. m. fhr. rd. jd. ft. ia. 

From 12 3 5 10 00 0. 

Take 12 23930636 935969339515 

Rem. ^ 

Proof, 

What are the peculiarities of these examples ? 

« 

(a) Another way to solve such examples is to reduce both 
minuend and subtrahend to the lowest denomination contained in 
either (87), and then subtract as in simple subtraction. * 

170* In subtracting an earlier from a later date, it is cus- 
tomary to consider 30 days a month. 

15. What is the difference in time between April 17, 1827 
and February 12, 1834 ? 

yr. tn. dt 
Min. 1834 2 12 
Sub. 1827 4 17 

Renu '6 9 2 5 

16! Find the time from Aug. 15, 1843, to Dec 12., 1851. 

17. Find the time from May 12, 1841, to June 21, 1842. . 

18. Find the time from June 21, 1842, to Aug. 24, 1846. 

19. Find the time from Aug. 24, 1846, to Sept. 1, 1847. 

20. Find the time from July 21, 1836, to Sept. 1, 1847. 

21. Find the time from Feb. 29, 1816, to Aug. 22, 1855. 

22. Find the time from Jan. 8, 1743, to Dec. 16, 1854. 

23. Find the timeWm Sept. 6, 1777, to Not. 13, 1816 
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171. ExABiPLEs IN Compound Addition and Subtractioh. 

1. My farm contain f^d 108a. 3r. 17rd., and I have sold to one 
man 15a. 2r. 29rd., and to another 11a. 33rd.; how much have 1 
left ? 

2. Having a journey of 187m. 7fur. lOrd. to perform in 3 
days, I travel 53m. 3fur. 14rd. the first day and 71m. 18rd. the 
Becond ; how far must I travel on the thuxi ?• 

3. Bought 723 acres of land for 963£ lis. 9d. ; from this sold 
to A 253a. 3r. 17rd. for 319£ 12s., and to B 176a. 14rd. fox 
237£ lid. ; how much land remains, and what has it cost ? 

4. How long since the Declaration of American Independence, 
July 4, 1776 ? 

5. A bought of one fanner lit. 7cwt. 3qr. 181b. of cheese; of 
another, 6t. 19cwt. 71br; of another, 18cwt 3qr. ; and of another, 
17t. 3qr. He also sold in Boston, 12t. 7cwt. 121b. ; in Lowell, 
St. 15cwt. 3qr., and the remainder in New York. . How much 
did he sell in New York ? 

6. B sold £tn ox which weighed 17cwt. 3qr. 81b. ; and 2 cows 
that weighed 5cwt 3qr. iSlb. each; and 3 swine that weighed 
Scwt, 2qr. 12 lb., 4cwt. Iqr. 181b., and 5cwt. 3qr. 61b. respec- 
tively. How much more beef than pork did he sell ? 

7. From the sum of 7rd. 2yd. 2in. lb.c and 2rd. 8yd. 1ft, 
din. 2b. c, take the difference between 14rd. 2fl. 7in. lb.c and 
4rd. 2ft. Tin. 2b.c ^ Ans. lb.c 

8. From a piece of cloth measuring 18yd. 3qr. 3na. 2in. there 
were cut 3 garments, the first measuring 4yd. 3na., the second 
8yd. 2qr., and the third dyd. Iqr. 2na. lin. How much cloth 
remained ? 

9. If from 2 casks of molasses, containing 65gal. 3qt Ipt. and 
74gal. Ipt. 3gi., there be taken 83gal. Iqt., how many gallons, 
quarts, fete, will remain ? 

10. How long from the battle of Lexington, April 19, 1775 
to the Declaration of Independence, July 4, 1776? 

11. How long from the battle of Bunker Hill, June 17, 1775, 
to the erection of General Warren's Statue, June 17, 1857 ? 
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I 14. COMPOUND MULTIPLICATION. 

I73« In compound multiplication, the multiplicand onlj is 
compound. 

173* In both simple and compound multiplication, the muUi* 
pUer is always and necessarily ah abstract number; for, to 
attempt to multiply by a concrete number, e. g. 4 miUs times 10, 
is, in the highest degree, absurd, though it is perfectly proper to 
say 10 times 4 miles. 

. 174:* The product is of the same kind as the multiplicand 
for repeating a number does not change its nature. 

VfSm The principle is the same as in simple multiplication^ 
Hence, 

To multiply a Compound by a Simple Number, 

Rule. — Multiply the lowest denomination in the multiplicand^ 
divide the product by the number it takes of that denomination 
to make one of the next higher, set down the remainder, carry 
the quotient to the product of the next denomination, mid so 
proceed. 

Ex. 1. First, 7 times 3qr. = 21qr. =-• 

£, 8. d. qr. 5d. and Iqr. ; write the Iqr. under 

Multiply 4 6 8 3 the farthings, awd then say 7 times 

By 7 8d.*= 56d., and 5d. added give 

Product, 30 7 1 1 ^Id. ^ 5s. and Id., etc 

Note. — Mnltiplicatioxi and dmsion mntuallj proyo each otb«2- It if 
l^iitable to teach reverse operations simultanoously. 

\ 

Multiplicamlj 
MulUplier, ^ 

Ptoduct, l'290fl02 14. 2 IS 







2. 








3. 






rd. 


yd. 


ft. 


in. 


b.c 


gal. 


qt. 


pt 


P- 


9 


4 


2 


6 


2 

7 


2 


3 


1 


2 
5 

• 
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4 5. 

t. cwt qr. lb. ob« dr. ». r. rd. jd. II. 
Aiultiplicand, 4 3 2 14 8 4 5 3 37 25 8. 
MultipHer, 11 19 

Product, 46 9 10 12 71 3 14 7^ 6 in. 

or 71 3 14 8 1 72 

178« When the mnltiplier is a composite number, we- may 
proceed as in like cases in ample mdltiplieation (44). 

6. Multiply 41b. 8oz. 16dwt.*!20gr. by 72. 

lb. oz. dwt. gr. 
Multiplicand, 4^81620 
1st Factor of Multiplier, 8 

Partial Product, 87 10 14 16 
2d Factor of Multiplier, 9 

Product, 8 41 12 

7. Multiply 81b. 4$ 75' 29 16gr. by 63. 

8. Multiply 9m. 7fur. 8ch. 3rd. 151i. 6m. by 96. 

177. When the multiplier is large ancf not composite, aome 
expedient may be adopted, as in the following examples. 

9. Multiply 2bush. 3pk. 4qt. Ipt. by 47. 

bosh. pk. qt. pt 

2 3 4 1 Multiplicand. 
5 • 

14 1 6 1=5 tames Multiplieand* 
9 



*130 2 1=45 tames Multiplicand. 
5 3 1 0=2 times Multiplicand. 

13 5 3 3 1 = 47 fames Multiplicand. 

First multiply by 45, i. e. by 5 and 9 ; then add twice the 
multiplicand, and thus multiply by 47. 

This example may be solved a3 follows : •— 



- <M ■ !■ ■ — - ' 
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boflh pk. qt pt 

2 3 4 1 MultipUcand. 
6 

17 ] 3 = 6 times Multiplicand. 
8 



138 3 = 48 times Multiplicand. 
2 3 4 1= once Multiplicand. 

13 5 3 3- 1 = 47 times Multiplicand. 

Here we multiply hj 48, i. e. by 6 and 8 ; then subtract the 
multiplicand. < 

This plan may be indefinitely modified ; hence this general 
direction : — Multiply by two or more numbers whose product 
IS nearly the multiplier, and add to or subtract from the product 
Buch numbers as the case may require. . 

10. Multiply 27yd. 3qr. 2na. by 59. 

11. Multiply 17gaL 3qt. Ipt. 3^. by 97. 

12. What is the cost of 857 yards of doth, at 3£ 15s. 6d. Iqr. 
per yard f^ 

^. 8. d. qr. 
3 15 6 1 
10 

3 7 15 2 2 = cost of 10yd. 
10 



3 7 7 12 1 = cost of 100yd. 

8 



30 2 16 8 = cost of 800yd. ^ 
18 8 16 2 = cost of 50yd. 
26 8 7 3 = cost of 7yd. 

32 3 6 14 1 = cost of 857yd. 

Multiply by 100, i. e. by 10 and 10 ; then multiply the cost 
of 100 yards by 8, the cost of 10 yards by 5 and the cost of 1 
yard by 7, which will give the cost of 800, 50 and 7 yards, 
severally ; finally, add the cost of 800, 50 and 7 yards together, 
Mid thus find the cost of 857 yards, the answer. 

11 
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13. Bought 131 loads of wood, each measuring lc«3cflt. 7cu.fLy 
at- $5.67 per cord ; what was the quantity bought, and the cosi 
of the whole ? '' 

14. If a ship sail 2® 14' 27'' per day, how far will she sail in 
29 days ? 

15. If 3 men build 7rd. 5fl. of wall in 1 day, how much will 
Ihey build in 17 days ? 



§. 15. COMPOUND DIVISION. 

IT'S* Here, as in the three preceding sections, the principlo 
. is the same as in the corresponding operation in simple numbers. 
Hence, 

To divide a Compound by a Simple Number, 

Rule. — Divide the highest denomination of the dividend^ and 
get down the quotient; if there is a remainder, reduce' it to the 
next lower denomination ; to the result add the given quantity of 
ihat denomination and divide as before, setting down the quotient 
reducing the remainder, etc, 

1. Divide 30£ 7s. Id. Iqr. by 7. 

' £ 8. d. qr. ,^0£ ^ 7 gives a quotient 

7)30711 of4jb and a remainder of 2x- 

— ;; — - — r — - « 2£ reduced to shillings and 

4 6 8 d,Ans. added to 7s., give 47s., which, 

I divided by 7, gives a quotient 

8 7 1 1, Froofl of 6s., and a remainder of 5a^ 

etc., etc 

2. Divide Ifur. 29rd. 0yd. 2ft. lOin. 2b. c by 7. 

8. Divide 14gal. 2qt Ipt. 2gi. by 5. 

4. Divide 46t. 91b. lOoz. 12dr^by 11. 

5. Divide 71a. 3r. 14rd. 8yd. ^Ift. 72m. by 12. 

170* When the divisor is composite, we may divide by iti 
IlKstorsy as in simple divisicm (56). 
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€. Divide 3411b. Ooz. 12dwt. by 72. 

lb. oz. dwt. gr. 
9)341 012 First divide by 9 and 

8) B7 10 14 16 • *-i« ,5«g-' ^7 «» 

4 8 16 2 0, Ans. "^ 

7. Divide 530 lb. 2^ 33 29 8gr. by 63. 

8, Divide 958m. 5fur. 5ch. 12n. 5jjin. by 96. 

180« When the divisor is large .and not composite, set down 
the work of dividing and reducing. There is no device for 
rendering the operation easier. 

9 Divide 135bush, 3pk. 3qt. Ipt by 47. 

bush. pk. qt. pt. 

47)135 3 3 1( 2bush. 3pk. 4qt. 1 pt, Ans. 
94 

4 1 bush. 
4 
• 77^ 1- Having found that 47 is con- 

1 b 7 pk. Gained twice in 135, multiply 47 

by 2, and subtract the product, 

2 6 pk. 94, from 135, which leaves a re- 

8 mainder of 41 bushels; reduce 

2 t 1 X the 41 bushels to pecks and add 
< g g^ the 3 pecks, making 167 pecks; 
then divide by 47, and 'so con- 

2 3 qt. tinue the process till the work if 
2 done. 

47pt. 
47 





10. Divide 1644yd. 2qr. 2na. by 59. 

11. Divide 1742gal. 3qt. Ipt 3gi. by 97. 

12. If 857 yards of cloth cost 3236£ Is. 4d. Iqr., T^at is the 
price per yard ? 

13. Sold 131 equal loads of wood, measuring 187c 2c. ft 
6cu.il. for $1061.92^51; what was the quantity per load and 
the price per cord ? 
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14. If, in 29 days, a sliip sail 2s. 4^ 59' 3 , how far is that per 
day? 

15. If 5 men build 124rd. 2fl. 6in. of wall in 17 dajs, how 
much would thej build in one daj ? 



§16. DUODECIMALS. 

181« Duodecimals * are compound numbers which decrease 
uniformly from the highest to the lowest denomination by the 
constant divisor, 12. 

183* 'fhia measure is usually applied to feet and parts of a 
foot, and is used by artificers in determining distances, areas and 
solidities. 

Its denominations are feet (ft.), inches Q, seconds C'), thirds 
C"), fourths ( '"), etc, etc 

The accents used to designate the denominations are called 
indices; 

183*' The foot being the unit, the denominations have the re- 
lations indicated by tlie following 

TABLE. 
1' = T^- of a foot 

r =^ofV =^o£ tV oflft.= yj;f of a foot. 
1'^ = T^ of r = A o^ tH of 1 ft. = T^y of a foot. 
1"" = ^ of l'" = A of ttV^ of 1 ft. = y^Hir of a foot, 
etc etc 

Thus 12 of any lower denomination make 1 of the ucxt 
ligher ; 0. g. 

\ 12"" =1*^ 

12'" = r 
12" = r 

12' =lft. 
^ Duod&siMoL frnm thft Ttfltin duodeoun» fnWrg, 
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184* Addition, subtraction and division of duodecimals are 
performed as the like operations of other compound numbers ; the 
same is true of multiplication, except that, when both factors are 
in the form of compound numbers, we are required to determine 
the denomination of the product, 

\SSm In this investigation, ybr the sake of convenience^ we 
familiarly speak of multiplying feei by feet, feet by inches, inches 
by inches, etc,, though here, as everywhere (173), the multiplier 
is strictly an abstract number.; e. g., suppose a board is 10 feet 
long and 1 foot wide, it evidently contains 10 square feet, and 
if it is 10 feet long and 2 feet wide, it as evidently contains 2 
times 10 square feet = 20 square feet, though it would be non- 
tense to affirm that it contains 2 feet times 10 feet ; still, we are 
accustomed to say that the area of a board is equal to its len^^ 
multiplied by its hreadth. Again, if a board is 10 feet long and 
1 inch wide, it contains -^ as many square feet as it is feet in 
length; i, e. it contains -^ of 10 square feet = -JJsq.ft. = 10'; 
and if the board is lOfl. long and 2in. wide, it contains f^ of 
lOsq. ft. = f J of a sq. ft = 1 ^sq. ft;. = 1ft. and 8'. This illus- 
tration can be carried* to any extent. • 

186. Since 1' = i^ft., I'' = xi?^ ^' = t7V¥^> ®*c., whether 
the measure is linear, square or cubic, it follows that 1', in linear 
measure, is a line, ^ of a foot in length ; in square measure, 
V is an area, 1 foot long and 1 inch wide, and I'' is an* area, 1 
inch square ; in cubic measure, 1' is a solid, 1 foot long, 1 foot 
T^ide and 1 inch deep, 1" is a solid, 1 foot long, 1 inch wide and 
1 inch de^p and V" is a cubic inch ; etc 

187* Let us now proceed to determine the denominatiop ^ 
the product obtained by multiplying any two denominations •« 
gather. 

* rniLOSOPHICALLT. FAMILIARLY. 

2 units X 3 units = 6 units, i. e. 2ft. X 3ft. = 6ft. 
2 " X A »i»ifc = A '»iiiit , i. e. 2ft. X 3' = 6\ 
2 « X li^ " =TfT " ,Le.2ft.x3" =&\ 

etc etc 

11* 
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PniLOSOPHICALLT. FAMILIARLY. 

^ unit X V^ unit = yf ^ unit, i. e. 2' X 3' =6* 

^ " X tJt " = tAit " ,i.e.2' xS" =r 

r^ " X iVjir "'= imf^ « ,i.e.2' X3"'=G^ 

etc etc 

yf J unit X tI ? unit = y^f 7^ unit, i. e. 2*^ X 3" =6*^ 
xU " X tAij " = irrAirir « , j-e. 2^ X 3^ = G'^^ 
xii ** X 5riy?5ir ** = 779 Jv¥7 " , i. e. 2" X 3 =6^ 

etc etc 

Hence, to determine tlie denomination of the produet of two 
&ctors in duodecimals, 

Rule. — Add the indices of the two factors together^ and the 
$um will he the index of the product, 

Ex. 1. A board is 6ft. T 9" in length and 2ft. T 5" in breadth; 
what is its area ? • 



6 


r 


9" 






2 


7' 


5" 






13 


3' 


«" 




8 


1-0' 


6" 


3'" 






2' 


9" 


5"' 


9"" 



\.'t ^ ^ c\ •* r\tf 



Ans. 17 4' 9 



// ~/// /\"" 



^ First, 9'' X 2 = 18'' = 
1' 6" ; the 6" we write un- 
der 'the seconds, and re* 
serve the 1' to add to the 
next product, thus, 7' X 2 
= 14', which Jncreased by 
the r previously obtained 
gives 15' = 1ft. 3' ; the 3' 
ifii written down, and the 1ft. is carried to the product of the feet, 
making 13ft. In like manner we multiply the multiplicand by 
the T and then by the 5", setting the partial products as in the 
margin. Finally, the sum of these partial products is the pro- 
duct sought. Hence, 

188. To perform Multiplication of Duodecimals, 

Rule. — By the rule in compourCd multiplication^ multiply 
each term in the multiplicand hy each in the multiplier^ and write 
ifie terms of the several partial products in the order of their 
values, so that similar terms shall stand in a column together ; 
the sum of the partial products will be the entire prodtu:C 
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Ex. 2. What quantity of boards will be required to .lay a flooi 
14fL 8' 3" in length and 13ft. 6' 9" in width ? 

Ans. 199ft. 2' 4" 8'" 3"". 

3. What are the contents of a granite block that is 8ft. 9' 3" 
long, 3ft. 2' 4" vide and 2ft. o 7" thick ? 

Ans. 69ft. 0' 10" 4'" 5"" 1'"". 

4. How many bricks are required to build a wall 40ft. 8' in 
length, 15ft. 6' in hight and 1ft. 4' in thickness, the dimensions 
of a brick being 8', 4' and 2' ? 

5. The walls of a house are 1ft;. 4' ihick ; how many bricka 
were required to build it, the house being 38ft. long, 26ft. 8^ 
wide and 18ft. 6' liigh ? 

6. A certain house has 4 tiers of windows and 1 1 windows in 
each tier ; the hight of the first tier is 5ft. 8', of the second 5ft. 4', 
of the third 4ft. 9' and of the fourth 4ft. 3' ; the breadth of each 
window is 3ft. 9'. How many square feet do they contain ? 

180* The merchantable- thickness of boards is 1' ; .*., 1o 
reduce timber, joist, plank, etc to board measure, Jind the area 
of one face of the stick, and multiply this ly the number express- 
ing its thickness in inches, 

7. How many feet, board measure, in a plank 12ft. 4' long, 
2ft. 3' wide and 4' thick ? Ans. 111. 

8. How many feet, board measure, in a plank 40ft. 6' long, 
2ft. 6' wide and 2' 9" thick ? Ans. 278ft. 5' 3". 

9. How many feet, board measure, in a stick of timber 36ft« 
9' long, 9' wide and 6' 6" thick ? 

10. How many feet of boards will be required to make 12 
boxes whose interior dimensions are 5ft;. 6', 4ft, 9' and 3ft. 8', the 
boards being Y in thickness ? 

11. How many feet less are required to make 12 boxes whose 
exterior dimensions are like the interior of those in Ex. 10, the 
boards being of the same thickness? Ans. 111ft. 4'. 

12. What is the difFerence of the capacities of the two sets of 
boxes described in Ex. 10 and 11 ? Ans. 122ft. 10'. 
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13. How many square feet in the floor, ceiling and four wallii 
of a room that is 18ft. 6' long, 15ft. 9' wide and 8ft. 4' high ? 

14. How many square yards of carpet will be required to 
cover a floor that is 16ft. 6' long and loft. 8' wide ? 

15. How many cubic feet in a cellar that i$. 38ft. 6' long, 24fi 
8' wide and 7ft. 9' deep ? 

16. How many cubic yards of earth must be removed in 
digging a cellar 40ft. 6' in length and 24ft. in width, between Ihe 
walls, the walls to be 2ft. 6' in thickness, and the cellar to be 6ft;. 
6' in depth from the surface of the ground ? 

17. A pile of wood is 8ft. long, 6ft. high and 4ft;. wide ; how 
many cords does it contain ? 

Note. — The 17iii Ex. may evidently be solyed by mnltipljing tbe 
length, breadth and hight together, and dividing the product by 128; 
dins, 

3 
m %i 4 2 = 2 =/* ^^' ^^' 

bat, wood for market k nsnally cut 4 feet m length, and, conseqncntly, we 
may* find the nnmber of cords in a pile of snch wood by multiplying the 
length of the pile by its hight and dividing the product by 32 ; thus, in the 
last example, 

■^r-i — 7 == - = li cords, Ans. as before. 

18. How many cords of wood in a pile that is 20ft. 6' long, 
8ft. high and 4ft. wide ? 

19. How many cords in a pile that is 67ft. 9' long, 17ft. 3' 
high and 4ft. wide ? 

20. How many cords in a pile that is 25ft. long, 7ft. high and 
4ft. wide ? 

21. How many cords in a pile that is 33ft;. 8' long, 6ft. 6' lugb 
and 3ft. 10' wide ? 
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§ 17. INTEREST. 

100« When money is lent, the borrower pays the lender for 
its tise, 

101« The money lent is called the Principal; the sum paid 
for the nse of the principal is the Interest ; the sum of the p/tn- 
cipcd and interest is the Amount, 

103« The interest is a certain per cent. * of the principal; 
i. e. so many dollars for *each hundred dollars, so many pounds 
for each hundred pounds, etc. ; e. g. $6 for $100, £6 for £100, 
etc., is 6 per cent.; $5 for $100, 5cts. for lOOcts., etc, is 5 per 
cent 

The annual per centag6 is the Hate, 

103* The rate is usuaMjJixjed by law. 

In New England and most of the United States the legal or 
awful rate is 6 per cent. ; in New York, 7 per cent ; in Illinois 
and most of the T^stem States, as high as 10 per cent by 
agreement; in Texas, as high as 12 per cent; in California^ 
any rate by agreement, etc. In France and England, 5 per 
cent 

Note. — In this treatise, 6 per cent, is understood when no per cent is 
mentioned. , 

104:. When the rate is 6 per cent, the interest of $1 for a 
year is 6cts.; for 2 years, 12cts., etc; for 1 month, ^ of Gets. 
= 5 mills or Jet ; for 2 months, let ; 3 months, 1 .Jets. ; 6 months, 
3cts. ; 9 months, 4 Jets., etc. ; for 1 day, ^ of 5 mills = J mill ; 
for 2 days, Jm. ; 3 days, Jm. ; 4 days, |m. ; 5 days, ^m. ; 6 days, 
Im.; 7 days, IJm.; 9 days, IJm.; 12 days, 2m.; 24 days, 4ni.; 
etc., etc Hence, 

To find the interest of $1 at 6 per cent, for any time. 



* Per cent is a contraction oiper centum, a Latin phrase which means \§ 
^ hundred. 
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Rule. — Take 6cts. (= $.06) far each, year, let. for each 9 
months in the part of a year, 5 miUs (= $.005) for the odt^ 
month, if there be one, and 1 miU for each 6 days in the part ^ 
a month, 

£jc. 1. What is the interest of $1 for Syr. 9m. 18d. ? 

$.1 8 = interest of $1 for 8 years. 

.0 45= « u a u 9 months. 
_X)0_3= « u a u 18 days. 
$72 2?= « « « ft 3yr. 9m. 18d., Ans. 

S. What is the interest of $1 for 2yr 5m. 20d.? 

$.1 2 = interest of $1 for 2 years. 
.02 5 = « <* « « 5 months. 
.003^ = « ft « u 20 days. 

$.148J= « « « " 2yr. 5m. 20d., Ans. 

8. What is the interest of $1 for 5 yr. 11m. 15d. ? 

, Ans. $.857^.^ 

4. What is the interest of $1 for lyr. 7m. 29d. ? 

Ans. $.099f. 

5. What is the interest of $1 for 2yr. 4m. 4d. ? 

Ans. $.140}. 

6. What is the interest of $1 for 8yr. 8m. 17d. ? 

7. What is the interest of $1 for 4yr. 11m. 12d. ? 

8. What is the interest of $1 for 14yr. 6m. 7d. ? 

9. What is the interest of $1 for 2yr. Im. 5d. ? 
10. What is the interest of $1 for Syr. 8m. 8d. ? 

100. The interest of $2 is evidently twice as much as ih» 
interest of $1 ; so the interest of $3, $4 or $7 is 8, 4 or 7 times 
the interest of $1 ; and the interest of $2.25 is 2.25 (i. e. 2 and 
25 hundredths) times the interest of $1 ; .*., to find the interest 
of any number of dollars we have only to find the interest of $1, ' 
and then repeat that as many times as there are dollars in the 
principal 
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11, What is the interest of $2 for Bjv. 7m. 9d. ? 

$.2 1 6 i =i= interest of $1 for 3yr. 7m. 9d. 
2 

$.4 3 3=: interest of $2 for 3yr. 7m. 9d., Ans, 

12. What is the interest of $5.25 for lyr. 11m. 18d.? 

$.118 = interest of $1 for lyr. 11m. 18d. 
5.2 5 

590 
236 
590 



$.61950 = interest of $5.25 for 1 jr. 11m. 18d., Ana. 

13. What is the interest of $500 for 3yr. 11m. 12d. 

$ .237 = interest of $1 for 3yr. 11m. 12d. 
500 

$1 1 8.5 = interest of $500 for 37r. 11m. 12d., Ans. 

14. What is the interest of $350 for 27r. 7m. 15d. ? 

Ans. $55,125. 

15. What 

16. What 

17. What 

18. What 

19. What 

20. What 

21. What 



s the interest of $15.20 for 8yr. 10m. dd. ? 
s the interest of $44.44 for 43rr^ 7m. 19d.? 
s the interest of $18.50 for 2yr. 9m. 3d.? 
s the interest of $15.33 for 3yr. 5m. 8d. ? 
s the interest of $12.48 for lyr. 7m. lid. ? 
s the interest of $27.57 for 3m. lOd.J* " 
s the interest of $45,156 for 26d. ? 
22. What is the interest of $47,543 for lyr. 5m. 17d ? 

190* The mode of casting interest given in Art. 195 is per- 
Njctly simple, but the product is not changed when the multiph- 
CMnd and multiplier change places (41). Hence, according to 
custom, 

To cast interest, at 6 per cent, per annum, on any sum, fof 
any time, 

KuLc. — Multiply the principal hy the decimal which repre- 
99Sts the interest of $1 for the given time. 
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23. What is the interest of $468 for 2yr. 6m. lid.? 



FIRST OPERATION. 

$4 6 8. = Principal. 
.151 J = int.of $1. 



390 


468 


2340 


468 


$7 1.0 5*8, Ans. 


SECOND OPERATION. 


$4 6 8. 


.1 5 1 i ^ 


234 


156 


468 


2340 


468 


$7 1.0 5 8, Ana. 



^ = J -f- J. Instead of 
multiplying by |, as in tliii 
example, it is usually easiei 
to multiply by J and J, i. e 
divide by 2 and 3, as in th< 
following operation : — 



In like manner, when the 
multiplier is f , we may divide 
by 3 and set down the quo- 
tient twice. 



24. What is the interest of $87.66 for lyr. 7m. 15d. ? 

Ans. $8.54685.. 

25. Wliat is the interest of $356 for 3yr. 8m. 18d. ? 

Ans. $79,388. 

26. What is the interest of $965,188 for 2yr. 3m. lid. ? 

Ans. $132.07—. 

Note 1. — In the 26tli example, the Ans. is S132.069891 J, but this, in all 
ordinary business transactions, would be called $132.07. In the following 
examples in interest, only 3 decimal places in the product will be preserved, 
but irthe 4th decimal place is 5 or more, tlie 3d place will be increased by 1 
tnousandth. 

27. What is the interest of $356,184 for 2yr. 3m. 9d. ? 

$48,619, Ans. 

28. What is the interest of $46,785 for 5yr. 8m. 17d.? 

Ans. $16,039. 

29. What is the interest of $17.49 for lyr. 7m. 8d. ? 

Ans. $1,685. 

30. What is the interest of $1307.87 for 2yr. 9m. 6d. ? 
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81. What is the interest of $87.46 for 2yr. 4d. ? 
B2, What is the interest of $157 fqr Gyr. 8m. ? • 

33. What is the interest of $1847.96 for Syr. 6m. 8d. ? 

34. What is the interest of $432.50 for 8m. 27d.? 

35. What is the interest of $125 from June 7, 1851, to Feb, 
11,1854? Ans. $20,083. 

Note 2. — Ex. 35 differs from the preceding only in finding the time 
,170). 

86. Find the interest on $76.72 from April 18, 1852, to Jar 
26, 1855. $Ans. 12.76L 

37. Find the interest on $1728 from Aug. 17, 1854, to Sept 
19, 1858. 

88. Find the interest on $111,111 from Oct. 12, 1853, to 
Dec- 30, 1857. 

89. What is the interest on $87.75 from Nov. 13^ 1816, to 
May 12, 1841? 

40. What is the interest of $100 from March 26, 1818, te 
June 21,1842? 

lOT*. When the principal is in pounds, shillings, pence, etc, 
reduce the lower denominations to the decimal of a pound (160), 
then proceed as with dollars and cents, and finally reduce the 
decimal part of Ae interest back to shillings, pence, etc. (161)* 
But 8 decimal places ih the multiplicand are used. 

41. What is the interest of 25£ 15s. 8d. 3qr. for 2yr 9nL 
I5d. ? Ans. 4£ 6s. 4d. 2qr. 

-42. What is the interest of £144 15s. 8d. 2qr. for lyr. 6m. 
18d. ? Ans. 13£ 9s. 3d. 2qr. 

43. What is the interest of 75£ 6s. 4d. Iqr. from Jan. 17, 

1852, to Dec. 23, 1855?. 

44. Find the interest on £87 lOs. 9d. from July 15, 1853, to 
July 4, 1857. ' 

45. What is the interest on £100 18s. 3qr. from March 4^ 

1853, to March 4, 1857 ? 

198. When money is borrowed of a private individual, tho 
blerest is usually payable at the time of settlement, if that be 

12 
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vrithin a year ; or, if the time is more than a year, the interest ifl 
payable annually ; but, at the bahks, money is usually lent for 
Ehort periods of time, as, e. g., for 30, 60 or 90 days, and the 
interest is paid token the money is borrowed, 

190» If the borrower promises to pay in a specified number 
of days, the law allows him 3 days more in which to pay ; thus, 
if he borrows for • 30 days, he need not pay until the 33d day ; 
if for 60 days, he may pay on* the 63d day ; etc. 

These 3 days are called "efays of grace,** and, as the borrower 
is not obliged to pay until the 3d day of grace, so the lender 
charges interest for the. time specified in the note, and 3 days 
more ; thus, if $1000 are borrowed for 60 days, the Discount 
Clerk will deduct $10.50, the interest for 63 days, and pay the 
balance, $989.50. 

200« The sum deducted is called Bank Discount^ and is the 
fiame as Bank Interest. 

301. The interest of $1 for 60 days being let., the mterest 
of $2 is 2cts., of $3 is 3cts., of $1000 is lOOOcts., etc.; but 
cents are reduced to dollars by dividing by 100, i. e. by moving 
the decimal point two places towards the left. Hence, 

To calculate Bank Discount, 

Rule. — Consider the dollars in the principal, so many cents ; 
reduce these cents to dollars by moving the separatrix two places 
towards the left, and the result will be the interest for 60 days: 
then, if the time is more or less than 60 days, modify this result 
as the given time may require, 

46. What is the bank discount on a note of $684.48 payable 
in 90 days ? 

$ 6.8 4 4 8 = Int, for 60 days. 
3.4 2 2 4 = Int. for 30 days = ^ the Int. for 60 days. 
.3 4 224 = Int. for 3 days = ^ the Int. for 30 days. 

S 1 0.6 9 4 4 = Int. for 93 days, Ans^ 

47. What is the interest of $756.48 for 30 days and grace ? 
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$ 7>5 6 4 8 = Int for 60 days, 

3.7 8 2 4 = Int. for 30 days. 
.87824 = Int. for 3 days. 



$ 4.1 6 6 4 = Int. for 33 days, Ans. 

48. What is the interest of $174.25 for 45 days and grace ? 

$ 1.7 4 2 5 = Int. for 60 days. 

.87125 = Int. for 30 days. 
.4 3 5 6 2 5 = Int. for 15 days. 
. 8 7 1 2 5 = Int. for 3 days. 

$ 1.3 9 4 = Int. for 48 days, Aas. 

49. What is the interest of $469872 for 120 days and grace ? 

$9632.376. 
60. What is the interest of $764.87 for 60 days and grace ? 

51. What sum of money may be drawn at a bank, on a note 
of $468, payable in 45 days and grace ? Ans. $464.256. ' 

52. What sum may be drawn on a note of $844.28, payable 
in 90 days and grace ? 

53. What sum may be drawn on a note of $2348 for 30 days 
and grace ? 

303. When interest is reqidred at any other rate than 6 per 
cent, Jirst find the interest at 6 per cent*; then divide this 
interest by 6, which will give the interest at 1 ' per cent* ; andf 
finally, multiply the interest at 1 per cent, hy the given rate* . 

54. What is the interest of $346.50 for 2yr. 3m. 6d. at 5 pei 
cent.? Ans. $39.27. 

$ 3 4 6.5 = Principal. 

.18 6 = Int. of $1 at 6 per cent, for 2yr. 8m. 6d. 

207900 
103950 
34650 

6) $4 7.1 2 40 = Int. of Principal at 6 per cent. 

$ 7.8 5 4 = Int. of Principal at 1 per cent. 
5 

$ 3 9.2 7 = Int at 5 per cent., Ans. 
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55. What is the interest of $856.47 for lyr. 9m. 8d. at 7 pet 
cent. ? Ans. S106.25. 

56. What is the interest of S6 6 6.6 6 6 for 6yr. 6m. 6d., at 8 
per cent ? 

57. Wliat is the interest of $358.14 from Jan. 18, 1849, to 
Dec. 20, 1 853, at 9^ per cent. ? 

58. What is the interest of $33.45 fix)m Aug. 19, 1853, to 
June 7, 1855, at 4 per cent. ? 

^ 59. What is the amount of $500 for 3yr. 7m. 18d. at 3 per 
cent. ? Ans. $554.50. 

60. What is the amount of $48.50 for Ijr. 8m. 17d. at 4^ per 
cent* ? 

61. What is the amount of $166.67 from Sfe|)t 19, 1854, to 
Nov. 5, 1859, at 10 per cent. ? "^ 

62. What is the interest of $564.18 for 3yr. 6m. 29d. at 7J 
per cent. ? 

63. WTiat is the amount of $1,125 for 16yr. 8m^? 

64. What is the interest of $1:125 for 33yr. 4m.? 

65. What is the intierest of $6666.75 for 2yr. 7m. ? 

66. What is the amount of $1000 from Nov. 13, 1816, to 
May 12, 1841, at 7 per cent. ? . 

>• 67. What is the interest of $1000 from May 12, 1841, to 
Nov. 13, 1857, at 5 per cent. ? 

303. To cast interest on Notes when Partial Payments 
have been made. 

Rule. — Find the amount of the principal fo the time of the 
first payment ; from this amount subtract the frst payment, and 
the REMAINDER is a NEW PRINCIPAL, with which proceed to 
the time of ^he second payment, and so on to the time of settle* 
ment. 

Exception.- — Jf any payment is less than the interest due, 
tost the interest on the same principal up to the first time 
when the sum of the payments shall equal or exceed the interest- 
due ; then subtract the sum of the payments from the amount 
»/* the principal. 
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Ex.1. $525 

For value received, I promise to pay John Dayis, or ordcTi 
five hundred and twenty-five dollars, on demand, with interest. 

Daniel Trusty. 
Andover, Mass., June 4, 1848. 

On this note are the following indorsements : — Sept. 9, 1819, 
$114.20; May 15, 1850, $78,285; Aug. 6, 1851, $244,375; 
what was due Feb. 9, 1853 ? Ans. $191,003. 

$ 5 2 5. Principal. 

3 9.8 1 3 Int. from June 4, '4 8, to Sept 9, '49— lyr. 8m. 64 

6 6 4.8 1 3 Amount of Principal to Sept. 9, 1849. 
1 1 4.2 1st Payment. 

4 5 0.6 1 3 1st Remainder, forming the 2d Principal. 

1 8.4 7 5 Int. fit)m Sept. 9, '49, to May 15, '50— 8m. 6d. 

4 6 9.0 8 8 Amount of 2d Principal to May 15, 1850. 
7 8.2 8 5 2d Payment. 

8 9 0.8 3 2d Remainder, forming the 3d Principal. 

2 8.7 2 4 Int. from May 15,'50, to Aug. 6,'51— lyr.2m.21d. 

4 1 9.5 2 7 Amount of 3d Principal to Aug. 6, 1851. " 
2 4 4.3 7 5 3d Payment. 

1 7 5.1 5 2 3d Remainder, forming the 4th Principal. 
1 5.8 5 1 Int. from Aug. 6, '51, to Feb. 9, '58— lyr. 6m. Sd. 

$ 1 9 1.0 3 Amount due, Feb. 9, 1853, Ans. 

2. $896.50. Andover, Nov. 13, 1845. 

For value received, we jointly and severally promise to pay 
James Thnfly, or bearer, eight hundred and ninety-six dollara 
and fifty cents, on demand, with interest. 

Jacob Principal, 
John Surety. 

Indorsements: — Mar. 13, 1846, $100; Dec. 25, 1846, 
$25; Sept. 18, 1847, $55,759; Aug. 7, 1848, $42.20; Nov. 19, 
1849, $36; Dec 1, 1850, $50.75; Jan. 16, 1851, $347.33; 
Apr. 22, 1852, $336 ; what was due Dec SO, 1852 ? 

12* 
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$ 8 9 6.5 Principal. 

17.9 3 Int. from Nov. 13, '45, to Mar. 13, '46— im 

9 1 4.4 3 Amount of Principal to March 13, 1846. 

10 0. 1st Payment. 

81 4.4 3 1st Remainder, forming the 2d Principal. 

7 3.2 9 9 Int. from Mar. 13, '46, to Sept. 13, '47— lyr. 6ia 

8 8 7.7 2 9 Amount of 2d Principal to Sept. 13, 1847 

8 0.7 5 9 Sum of 2d and 3d Payments. 

8 6.9 7 2d Remainder, forming the 3d Principal. 

1 6 1.7 9 7 Int. from Sept. 13, '47, to Jan. 1 6,'51— 3yr. 4m. 8d 

9 6 8.7 6 7 Amount of 3d Principal to Jan. 16, 1851; 
47 6.2 8 Sum of 4th, 5th, 6th and 7th Payments. 

4 9 2.4 8 7 3d Remainder, forming the 4th Principal. 

3 7.4 2 9 Int.from Jan. 16,'51,toApr.22,'52— lyr. 3m. 6d. 

5 2 9.9 16 Amount of 4th Principal to April 22, 1852. 
3 3 6. 8th Payment. 

1 9 3.9 1 6 4th Remainder, forming the 5th Principal. 
8.0^1 5 Int. from Apr. 22, '52, to Dec. 30, '52— 8m. 8cL 

- $ 2 1.9 3 1 Amount due Dec 80, 1852, Ans. 

8. $1000. ' Andover, June 4, 1850. 

For value received, we promise to pay S. Farrar, Esq., or 
order, one thousand dollars, on demand, with interest from date. 

Hisrsrins & Abbott. 



•oo" 



Indorsements : — Sept. 6, 1850, $50 ; July 14, 1851, $150; 
Aug. 9, 1852, $25; May 14, 1853, $28; Oct. 15, 1853, $125; 
Nov. 11, 1853, $75; Nov. 13, 1854, $500 ; what was due Mar. 
26, 1855 ? Ans. $282,583. 

^4. $756.75. Fitchburg, Mass., Jan. 12, 1852. 

Four months after date, I promise to pay Thomas Eaton, ot 
bearer, seven hundred and fifty-six dollars and seventy-five cents, 
with interest, for value received. Benjamin Snow, Jr. 

Indorsements: — Sept 18, 1852, $300,777 ; Dec. 30, 1853, 
$300,499; July 12, 1854, $6,566; April 24, 1835, $55,133 
viiat was due Dec. 30, 1855 ? Ans. $187.38. 
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5. $500. Boston, Jan. 1, 1851. 

For value received, I promise to pay A. B. or order, five 
hundred doUai's, in six months, with interest afterwards. C. D. 

On the 'above note, $350 were paid, July 1, 1852 ; what was 
due Jan. 1, 1853 ?^ . Ans. $185.40. 

6. $3476.875. Andover, July 18, 1849. 
For value received, I promise to pay Higgins & Abbott, or 

order, three thousand four hundred and seventy-six dollars, 
eighty-seven cents and £ve mills, on demand, with interest. 

John Flint; 

Indorsements: — Oct 6, 1849, $747.56; Jan. 15, 1850, 
$54.75 ; April 4, 1851, $47.86; Dec. 18, 1852, $995.4G; April 
16, 1853, $1000. What was due Aug, 4, 1854? 

7. $448.50. Colchester, June 15, 1854. 
For value received of Joshua Clark, I promise to pay him, or 

order, four hundred forty-eight and ^^^ dollars, on demand, with 
interest at 7 per cent. Alfred B. Peirce. 

Indorsements: — Dec. 6, 1854, $75; April 19, 1855, $125; 
Dec 15, 1855, $10 ; Jan. 25, 1856, $100. W|jat was due July 
8, 1856 ? . Ans. $183,607. 

S04^. The rule given in Art. 203 is the one adopted by the 
United States Courts and" most of the State Courts ; but, when 
settlement is made within a year after interest commences, it is 
customary to adopt the following • 

Rule. — 1. I'lnd the amount of the principal from the time, 
when interest commenced to the time of settlement. 

2. Find the amount of each payment from the time ofpaymtvix 
to the time of settlement, 

3. Subtract the sum of the amounts of the payments" from ihn 
omount of the principal, 

Ex. 1. $600. Colchester, Ct., Dec. 15, 1852, 

For value received, I promise to pay Hay ward. Burr ic Co* 
w.or^r, six hundred dollars on demand, whh interest. 

Toshua Clark« 
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Indorsements: — Feb. 3, 1853, S200; June 6, 1853, SlSOf 
Aug. 9, 1853, S200. What was due Dec. 3, 1853 ? 

SGOO. Principal. 

34.80 Int. of Prin. from Dec. 15, '52, to Dec. 3, '53— 11m. I8d 

$634.80 Amount of Principal to Dec. 3, 1853. 

S200. 1st Payment. 

10. Int. of 1st Payment to Dec. 3, '53-1 Om, 

$210. Amount of 1st Payment to Pec 3, 1853. 

$150. 2d Payment. 

4.425 Int of 2d Payment to Dec. 3, '53— 

5m. 27d. 
$154,425 Amount of 2d Payment to Dec 3, 1853, 
$200. 3d Payment 
- 3.80 Int. of 3d Payment to Dec 3, '53— 

3m. 24d. 
$203.80 Amount of 3d Payment to Dec 3, 1853.- 

$568,225 Sum of the Amounts of the 3 Payments. 

$ 66.575 Sum due D^ 3, 1853, Ans. 

2. $1250.75 , East Dennis, Mass., June 4, 1854. 

For value received, I promise to pay. Christopher Sears, or 
order, twelve hundred fifly and -ffl^^ dollars, on demand, with 
interest Seth CrowelL 

Indorsements:— Dec 16, 1854, $300; Jan. 1, 1855, $250; 
Feb. 18, 1855, $400; March 15, 1855, $300. What was due 
May 15, 1855? 

309* In every example in interest there are four elements 
or particulars which claim special attention, viz., Principal, 
Rate, Time and Interest, any three of which being given, the 
other can be found. 

306« To find the Interest when the Principal, Rate and 
Time are given, has, thus far, been the object of our discussion. 

The other branches of the subject give rise to the following 
problems : — 
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307« Pkob. 1<— Principal, Interest and Time given, to find 
the Rate. 

Ex. 1. At what rate per cent, must S3 00 be put on interest to 
gain S18 in 2 years ? 

$300, at 1 per cent., will gain $G in 2 years ; .*., to gain $18, 
die rate must be the quotient of $18 -7- $6 = 3. Hence, 

Rule. — Divide the given interest hy ike interest of ike prind- 
oalyfor the given timsy at 1 per cent. 

2." At what rate per cent must $370 be put on interest to 
gain $55^50 in 3 years ? Ans. 5. 

3. If S97 gain $33.95 in 5 years, what is the rate per cent. ? 

4. If $50 gain $5.60 in 3yr. 6m., what is the rate per cent? 

Ans. 3^. 

5. If $75 gain $27 in 4 years, what is the rate per cent ? 

• 

908« Pbob. 2« — ^Principal, Interest and Rate given, to find 
faie Time. 

£x. 6. J'or what time must $200 be on interest at 6 per cent 
(> gain $36? 

$200 in 1 year, at 6- per cent,.wiU gain $12 ; .•., to gain $36, 
tie time in years must be the quotient of $36 4- $12 = 8. 
Hence, 

Rule. — Divide the given interest hy the interest of the prind- 
pcdfor one gear at the given rate. 

7. How long must $133 be on interest at 7 per cent to gam 
$32:585 ? Ans. 3.5yr. = 3yr.6m. 

8. How long must $50 be on interest at 9 per cent, to gain 
$11.85 ? Ans. 2.G3 Jyr. = 2yr. 7m. 18d 

9. How long must $150 be on interest at 6 per cent to 
amount to $195 ? Ans. 5 years. 

10. For what time must $56 be put to interest at 8]^ per cent, 
to amount to $69 09 ? 

11. For what time must $1000 be put to interest at 9 per 
cent to gain $495 ? 
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12. How long will it take any sum of money to donble itseH 

on interest at 6 per cent. ? 

13. In what time will a sum of money quadruple itself on 
interest at 5 per cent. ? 

• _ . 

300. PuOB. 3. — Interest, Time and Rate given, to find the 

Principal ? 

Ex 14. What principal, at 6 per cent., will gain $18 in lyr. 
Cm.? 

$1, in lyr. 6m., at 6 per cent., will gain 9cts., i. e. $.09^ .*., 
the principal must be the quotient of $18 -~ .09 = $200. 
Hence, 

Rule. — Divide the given interest hy the interest of $1 for the 
given rate and time. 

15. What principal, at 5 per cent, will gain $15 in 6 montlis ? 

Ans. $600. 

16. Wliat principal, on interest at 8 per cent, will gain $10C 
semi-annually ? 

17. B endowed a professorship with a salary k/l $1500 per 
annum ; what sum did he invest at 6 per cent. ? 

18. What sum must be invested in property yielding 8 per 
cent to furnish an income of $1600 per annum ? 

19. What principal, at 3 per cent, will gain $74.32 in 3yr 
6m. 18d. ? 

20. What sum, at 6 per cent, wiU gain $59.76 in lyr. 8m 
27d.? 

310. To the preceding we may add 

Prob. 4. — ^Amount, Rate and Time given, to find the Prin 
cipal? 

Ex. 21. What principal, at 5 per cent, will amour t to $110 
in 2 years ? 

$1 in 2 years, at 5 per cent, amounts to $1.10 ; ,• , the priw 
dpal must be the quotient of $110 -i- 1 .10 = $100. iXi^iice, 
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Rttle. — Divide the given amount hy the amount of%\for the 
given rate and time, 

22. What principal, at 6 per cent, will amount to $360,585 in 
IG months ?' Ana. $333,875. 

23. What is the interest of that sum for 3 years, at G \ttf 
cent., which will, at the given rate and time, amount to $472. 

Ans. $72. 

24. What sum, at 9 per cent, will amount to $3569.47 in Ijr. 
8m. 12d. ? 

25. \Vhat is the interest of that sum for 27r. 6m., at 8 per 
cent, which will, at the given rate and time, amount to $480 ? 



§18. COMPOUND INTEREST. 
31 !• Simple Interest is interest on a given principal (19l.)« 

31 S. Compound Interest is interest on both principal 
and interest, the latter not being paid when it becomes due. 

313* The principal maj be increased by adding the interest 
to it annuallj, semi-annuallj, quart^lj, etc, according to agree 
ment. 

31^ Compound interest, though jtist, is not legal. 

However, if the creditor makes a legal demand for the interest 
when it becomes due, he may collect interest on the interest ; 
and this is, virtually, collecting compound interest. 

In like manner, a demand made for the payment of a store-bill 
or any other account, will enable tlie creditor to collect intoresf 
on the account from the time of the demand. 

ft\Sm To calculate Compound Interest, 

Rule. — Make the amount for the first year or speeijitd 
UmSf ths VBXsoiFAhfar the second ; the amount for the SECONDp 
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the principal frr the third ; and so on, From the last 
AMOUNT subtract the first principal, and the remainder is 
the compound interest, 

Ex. 1. What is the compound interest on SI 00 for 3yr. 3mo^ 
at C per cent, per annum ? 

S 1 0. 1st Principal. 
6. Interest for 1 year. 

10 6. 1st Amount or 2d Principal. 

6.3 6 Interest of 2d Principal for 1 year. 



11 2.3 6 2d Amount or 3d Principal. 

6.7 4 1 6 Interest of 3d Principal for 1 year. 



1 1 9.1 1 6 3d Amount or 4th Principal. 

1.7 8 6 5 2 4 Interest of 4th Principal for 3 months. 



1 2 0.8 8 8 1 2 4 4th or last Amount 
10 0. 1st Principal. 



t 2 0.8 8 8 1 2 4 Compound Interest for 3yr. 3m., Ans. 

t What is the compound interest on $200 for lyr. 8m., at 4 
per cent, per annum, allowing interest to be due semi-annually? 

$2 0. , 1st Principal. 

4. Interest for 6 months. 

2 4. 1st Amount or 2d Principal. 

4.0 8 Interest of 2d Principal for 6 months. 

2 8.0 8 2d Amount or 3d Principal. 

4.1 6 1 6 Interest of 3d Principal for 6 months. 

2 1 2.2 4 1 6 3d Amount or 4th Principal. 

1.4 1 4 9 4 4 Interest of 4th Principal for 2 months. 



2 1 3.6 5 6 5 4 4 4th or last Amount 
2 0. 1st Principal. 



$ 1 3.6 5 6 5 4 4 Compound Interest for lyr. 8m., Ans. 

3. What is the compound interest on $1000 for 3 years, at 
per cent ? Ans. $225,043. 

4. What is the amount of $5000 at compound interest, for 
iyr. 10m.? Ans. $6628X)04rh 



OOKPOUND INTEKB8T. 



145 



5. What is tlie amount of $900 at compound interest for 2jt, 
7m., interest payable quarterly ? 

6. What is the compound interest on £48- 10s. for Syr. 9m. 18d.* 
7- What is the compound interest on $3476.95, at 7 per cent-, 

for2yr. 7m. 27d..^ 

8. What is the amount of 25cts. for 3yr. 5m. 16d., at 8 per 
rent., compound interest ? 

9. What is the amount of $25 for Syr. 5m. 16d., at 3 per 
Aent., compound interest ? 

10. What is the amount of $25 for Syr. 5m. 16d., at compound 
interest ? 

11. What is the amount of $1000000 for 6yr. 6m. 6d., com- 
pound interest ? 

310* Compound interest may be calculated more expodi« 
dously by means of the following 



TABLE, 

Showing the Amourdof%\y £1., etc,, interest compounded annually at 4, 5, 6, 7 

and 8 per cent., from 1 to 20 years. 



rn. 


4 per cent 


5 per cent. 
1.050000 


6 per cent. 


7 per cent. 
14270000 


8 per cent. 


Tr«. 


1 


1.040000 


1.060000 


1.080000 


1 


2 


1.081600 


1.102.500 


1.123600 


1.144900 


1.166400 


2 


3 


1.124864 


1.1.57625 


1.191016 


1.22.5043 


1.2.59712 


3 


\ 


1.169859— 


1.21.5506+ 


1.262477— 


1.310796+ 


1.360489 


4 


5 


1.216653— 


1.276282— 


1.338226— 


1.402552— 


1.469328H 


- 


5 


6 


1. 26531 9-^- 


1.340096— 


1.418519+ 
1.503630+ 


1.500730+ 


1.586874- 


— 


6 


7 


1.315932— 


1.407100+ 


1.605781 + 


1.713824- 


. 


7 


8 


1.368569-f 


1.477455+ 


1.593848+ 


1.718186+ 


1.8.509.30-1 


- 


8 


9 


1.423312— 


1..55132a+ 


1.689479— 


1.838459+ 


1.99900.5— 


9 


^0 


1.480244-h 


1.628895— 


1.790848— 


1.967151 + 


2.15892.5 


10 


11 


1..5394.54-f 


1.710339+ 


1 .898299— 


2.1048.52— 


2.331 639— 


• 11 


12 


1.601032-i- 


1.795856+ 


2.012196+ 


2.2.52192— 


2.518170+ 


12 


13 


1.665074— 


1.885649+ 


2.132928+ 


2.409845+ 


2.719624 


13 


U 


1.731676+ 


1.979932— 


2.260904^ 


2.578534+ 


2.937194 


14 


\fi 


1.800944— 


2.C78928+ 


2.396558+ 


2.7.59032— 


3.172169+ 


15 


16 


1,872981-4- 


2.182875— 


2.540352— 


2.9.52164—. 


8.42594.3— 


16 


17 


1.947900+ 


2.292018+ 


2.692773— 


8.1.58815+ 


3.70001 8H 


- 


17 


18 


2.02.5817— 


2.406619+ 


2.854339+ 


3.379932+ 


3.996019- 


- 


18 


19 


2.106849+ 


2.5269.50+ 


3.025600— 


3.61 6»2S— 


4.31.5701-^ 


- 


i9 


to 


2.191123+ 


2.653298— 


, 3.20713.5+ 


3.869684+ 1 4.660957-J 


- 20 



13 
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Ex. 12. What is the compound interest &ii $C00 at 6 pcf 
oent. per annum for 20jt. ? 

$2.2 713 5 ==Int of $1 for 20jr. taken from the Table 
600 

$132 4.2 8100 = Int of $600 for 203rr.— Ans. 

15. What is the compound interest on $30 at 6 per oent p«i 
vmnm for 5 jr. 6m. ? 

$ 1.3 3 8 2 2 6 = Amount of $1 for bjv. 
^ =:Int of $1 for 6m. - 

.0 4014678 

.338226 =Int.of $lfor5yr. 

$.J>7837 278 = Int. of $1 for 5yr. 6m. 
80 ^ 

$ 1 1.3 5 1 1 8 8 4 = lnt of $30 for dyr. 6m. — Ana. 

14. What is the amount of $50, at 7 per cent per aonams 
for ISjr. at compound in^^erest? 

$2.7 5 9 8 2 = Amount of $1 for I5yr. 
50 

$1 3 7.9 5 1 6 = Amount of $50 for 157r.— Ans. 

15* What is the amount of $350.50, at 8 per cent compound 
InteresS, for 18yr. 7m. I2d.? 

16. What is ihQ interest of $500, at 8 per cent per annum, 
compounded semi-annuallj for 97r. 6m. ? Ans. $553,425. 

17* What is the amount of $1000, at 16 per cent per annua^ 
Interest oompounded quarterly for 37r. 6m. 12d. ? 
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§19. COMMISSION. 

31 7« Commission is a campenscUion made to an agent fM 
iransacttng certain kinds of business, such e. g. as buying and 
selling goods, collectiii^ and loaning money, etc. 

318* This compensation is usually so much per cent, on UiA 
money collected, lent, expended, etc Hence, 

KuLE. — Mtdtiply the sum collected, lent, expended, etc., hy the 
rate per cent. 

Ex. 1. What shall I pay my agent for selling $1350 worth 
of goods, his commission being 2 per cent ? Ans. $27. 

2. What shall I receive for collecting $5725, my commio- 
eion being 3 per cent. ? 

3. The taxes in the town of A for the year 1855, wer 
$18000. What was the cost of collecting them, ^ of 1 per ceni 
commission being allowed ? Ans. $36. 

4. My agent has lent for me $6350. His commission is { 
of 1 per cent. ; what shall I pay him ? 

5. An agent has purchased goods for his employer to the 
Amount of $3484.50. What does his commission amount to, at 
1 per cent. ? 

6. My agent has sold 34 cases of Rubber Shoes, containing 
100 pairs each, at 75 cents per pair. His commission being 1 J 
per cent., what shall he retain for his services and what shall he 
pay over to me ? 

Ans. His commission, $38.25 ; my dije, $2511.75. 

7. My agent in New Orleans has bought 500 cwt 3qr. 12^1b. 
of sugar at $9 per cwt. ; to what does his commission of 3^ per 
cent, amount ? 

8. Having sold 35601b. of tea at 37 Jet., what is my commis- 
sion at 2 per cent, and how much money shall I remit to my 
employer? 
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§20. INSURANCE. . 

3IO* Insurance is security against loss of property by firej 
shipwreck or other casualty ; or against loss of life or health by 
disease or disaster. 

330« The sum paid for the insurance is called ihe premium^ 
and is usually a certain j)er cent, on the sum insured. The 'per 
dent varies according to the nature of the property, or the age, 
etc, of the person insured. 

Insurance against loss by fire varies from about f\ of 1 per 
cent, up to 5 per cent, or more ; and some property is so hazar- 
dous that Insurance Companies decline taking the risk at any 
per centage. 

331 • To prevent fraudulent destruction of property, Insur- 
ance Companies will usually insure property for only about J or 
f its value, requiring the owner to risk the remainder. Property 
insured at one olTice may be insured at another by consent of 
the first insurers, but not so that the aggregate insured at the 
different offices shall exceed that 'portion of its value which a 
single office is accustomed to insure. • 



A person who gets insured in a Mutual Insurance 
Company thereby becomes a member of the company, and, to 
some extent, liable to pay the losses of the company. He pays 
the premium when he effects the insurance, and also gives hia 
note for 5 times the premium, and this note is the basis for 
assessments, if the losses of the company require assessments to 
ba made. The law also allows assessments to the extent of 
twice the face of this note ; so that the insured is liable to j)ay 10 
times the original premium in addition to that premium ; yet a 
well conducted company is as likely to pay a dividend as to make 
an assessment. Besides this, the premium in a mutual company 
is usually much less than in other companies, being not more 
4ian from ^ to 2 per cent, for a period of t^ years. 
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• 

333* The writing or record of the contract given by the in- 
surers to the insured is called the policy, 

234L* The insurers are frequently called the underwriten^ 
especially in marine insurance. 

9l^S* To calculate the premium, 

Rule. — Multiply the sum insured by the rate per cent, 

Ex. 1. What is the cost of insuring $5000 on my house for 1 
year, at ^ of 1 per cent, the policy being $1.25 ? 

Ans. $11.25. 

2. What is the annual premium for insuring a manufacturing 
establishment in the sum of $500,000,^ at 2 per cent."? 

3. Effected insurance on my ship, the Rover, bound to Can 
ton, for $21500, at 3^»per cent. What is the premium ? 

. 4. My agent at Liverpool informs me that he has shipped to 
me goods valued at-534£ 10s. 6d. I have effected insurance on 
this sum at a premium of 1| per cent What must I pay, in- 
cluding $1.25 for the policy, the poimd being worth $4.87 ? 

Ans. $46,805. 

5. What wiU be the annual premium for insuring $12000 for 
7 years on the life of k man 25 years of age, in the Massachusetts 
Hosp^al Life Insurance Company, the premium being .97 of 
1 per cent, annually ? Ans. $116.40. 

6. What will be the annual premium for insuring $5000 for 
10 years on the life of a man 30 years of age, the premium 
being 1.09 per cent. ? 

7. What is the premium on $3000, insured on my house by 
the Andover Mutual Insurance Company, at ^ per cent., for a 
period of 5 years ? Ans. $15. 

8. What is the premium for insuring 437£ 16s. 3d., at 2 J y^i 
oeut., the pound being worth $4.87 ? 

13* 
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§21. DISCOUNT. 

3S6* JNotes and other obligations are firequentlj made pay- 
able at a specified time, without interest. 

Discount is an abatement or deduction made for the imj* 
ment of such debt before it is due. 

ftiVfm The present worth of a debt is, evidentlj, a sum which, 
put at legal interest, will amount to the debt at the time of ita 
beoommg due. 

3S8. The ride for finding the present worth is that given in 
Prob. 4, Art. 210 ; viz.:— 

Divide the given sum hy the amount of %1 for the given rate 
ond time, 

ft99m The DISCOUNT is found hy subtracting the present 
worth from the face of the debt, 

Ex. 1. What is the present worth of a debt of $100, pajablM 
in one year, without interest ? 

1.0 6)$ 1 0.0 0($9 4.3 8 94-Ans. Present worth, Sis- 

9 5 4 count and debt cor- 

AQQ respond to principal, 

A 2 4, interest and aihount. 

• ' Having the prind- 

3 '6 pal, we obtain the 

8 ^ ^ amount by multiply- 

4 2 ^S ^^® principal by 

3 1 g the amount of $1. 

* 1 ft 00 Conversely, dividing 

Q - ^ the amount by the 

? ■ amount of $1, gives 

6 6 the principal. Hence 

the rule. 

2. What is the present worth of $756, payable in lyr, 4m.? 

Ans. $700. 
5. What is the discount on $475^ due in 6m. and 18d? 

Ans. $15,175. 
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4. What is the present worth and what the discoant on a note 
toT $1800, due in lyr. 7m.? 

5. A note of $850 is due Feb. 20, 1856 ; what is its yalue on 
June 8, 1855 ? 

Note 1. — The above rule is clearlj just, bnt it is the ahnost nniTereal 
enstom of bankers, merchants and others, to dednct interest instead of dip' 
saunt, . Thus, in Ex. 1, a business man would deduct $6, and of course pay 
$94 : but $94 Oh interest for one year will amount to onlj $99 64 ; .'. the 
lender will gain 36 cents by waiting a year and then receiving $100 instead 
of taking $94 to-day. 

NoTF 2. — The interest on the present worth equals the discount on the 
debt. 

6. What is the present worth of $800, due 1 year hence, al 
5 per cent ? 

7. What is the discount on $256, due 2yr. dm. hence, at 8 per 
cent? 

8. I have a note for $600, payable 8 months from to-daj ; what 
is it worth to day ? 

9. I have a note for $1000, payable May 1, 1858 ; what is it 
worth to-day, June 20, 1857 ? 

10. What shall I discount for present payment on a note of 
$325.75, due in 6m. I2d. ? 

11^ May 12, 1857, gave my note to B for $40, payable in 8 
months ; what is the worth of this note to-day, June 24, 1857 ? 

12. What is the interest for 6 months on the present worth 
of a note for $350, due 6 months hence ? 



§ 22. EQUATION OF PAYMENTS. 

330* Equation op Payments is the method of determin- 
ing when several debts due from one person to another, payable 
at different times, may be paid at one time, so that neither party 
ioity suffer loss. 
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Ex. 1.^ A owes B $2, payable in 3 months, aiM $5, payable 
in 10 months; what is the equated time for paying the tivo 
debts ? 

3X2= 6 The privilege of keeping $2 for 3m. 

10x5 = 50 would be canceled by keeping $1 6m. ; 

'7' ) 5^ ®^ ^^ ^^^ 10m. is the same as $1 for 

— -- 50m. ; .'., for the two debts, A miglit 

8m. Ans. ^eep $1 for 56m., but a» he has $7 to 

keep, he may retain it only ^ of 56m., viz. 8m. Hence, to find 

the equated time for paying two or more debts, due at different 

times. 

Rule. — Multiply each debt by the number expressing the time 
to elapse before it becomes due, and then divide the sum of the 
products by the sum of tJ£ debts. 

Ex. 2. What is the equaled time for paying the following 
debts, viz. $400, due in 6m. ; $500, due in 8m. and Si 000, due 
in 12m. ? Ans. O^jm. 

8. $360, $548^ and $775 are due in 6, 9 and 12m. respective- 
ly ; what is the equated time for payment ? 

4. I owe $1000, one half payable to-day and the remainder 
in 6m. ; when is the equated time for payment ? Ans. 3m. 

5. A merchant has $600 due him in 7m., but the debtor paj^s 
him ^ ready money and ^ in 4m. ; how long may he retain the 
balance ? • Ans. 2yT. 10m. 

6. E owes F $50 payable in 4m. and $100 in 8m. ; F owes 
E $250 payable in 10m. If E makes present payment ^f his 
whole debt, how long may F retain the $250 ? Ans. 6m. 

7. A owes B a debt, ^ of which is payable in 2m., ^ in 3m, 
and the rest in 6m. If A makes present payment of ^ of the 
debt, how long may he keep the other half ? 

331. Bills contracted at different times, and each having a 
specified credit, have their equated time of payment calculated 
upon precisely the same principle, by tli,e following 

Hule. — Observe the date when each bill becomes due ; aho^ the 
HHmber of days to elapse, after the bill first payable becomes due 
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to the time when each of the others is due ; multiply eaxih of these 
hills hy its time, and divide the sum of the products by the sum of 
the biUs ; the quotient wiU he the number of days from the time 
of the earliest payment to the equated time. 

Ex. 8. — Bought of Higgins & Abbott the foUowyig Bills of 
G<K>ds; viz.: — 

Jan. 6, 1852, $ 40 on 90 days' credit. 

Feb. 8, ** 100 " 45 « « 

Mai 14, " 75 « 60 « « 

Apr. 5, « 37 « 56 " « 

What is the equated time for their payment ? , 

The 2d bill (first payable) becomes due Mar. 24. 
« Ist « an Apr. 5. 

3d « u u May 13. 

4th « « « May 31. 

From Mar. 24 to Apr. 5 = 12 days. 
.« « « a May 13 = 50 « 
a u tc u May 31 = 68 « 

$100 . ! .•. , it will be seen by the operar 

40 X 12 = 480 tion in the margin, that the 

75 X 50 = 3750 equated time is nearly 27 days 

87 X 68 = 2516 from the 24th of Mar.j viz.. 

252 ) 6746 ^P^' ^^^ 1^^^, Ans. 

9. If I buy goods of W. F. Draper, as follows ; viz. : — 
Jan. 16, 1853, on 60 days' credit, a bill of $ 75. 



u 



Mar. 9, « 


« 40 " 


u 


u 


50. 


Mar. 15, « 


« 50 « 


u 


a 


100. 


Apr. 1, « 


u 45 « 


u 


u 


25. 


May 30, «« 


^ 60 " 


a 


u 


200. 


June 12, " 


« 50 " 


u 


a 


50. 


What is the equated 


time of payment? 
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10. Sold Peter Pay well the following goods; viz.: — 
Jan. 1, 1856, on 90 days* credit, a bill of $100. 
Jan. 31, " " 75 " " '' 75. 

Feb. 12, " « 60 " « - " 200. 

Feb. 29, « " 60 « « • « 66. 

Apr. 30, « " 45 « " « 300. 

At what time shall he pay me the sum of all the bills ? 

333* The above rules in Equation of Payments are based 
on the supposition that the gain to the debtor by delaying the 
payment of the debts first due is balanced by paying the other 
debts before they are due, a supposition not strictly true, as may 
be 8^en by the following : — 

If I owe B $2000, $1000 of which is payable to-day and tlie 
other $1000 in 2 years, the equated time by the rule would evi- 
dently be 1 year. But if I retain the first $1000 for a year, I 
ought then to pay the amonnt of $1000 on interest for a yetir, 
viz., $1060, and if I pay. the other $1000 at the same time, i.e. 

1 year before it is due, I ought to pay its present worth (227), 
which is $943.39JJ; .*. if I settle at the end of 1 year, ju.^tice 
would require me to pay $1060 + $943.39^5 = $2003.393§, 
wliich is $3.39|§ more than the rule demands. 

The §2000 should be paid at such a time that I may, in the 

2 year:=, gain just as much by keeping the 1st $1000 after it is 
due, as B gains by receiving the 2d $1000 btfore it is due; 
or, in other words, the interest on the 1st $1000 for the time I 
l.cM^p it after it is due, must, equal the discount on the 2d $1000 
i'ov ilie time it is paid before it is due. 

, By an Algebraic solution, too complicated to be presented 
h' re, this time is found to be a little more than .97 of a year. 
The accuracy of this result may be verified in several ways ; 
thus, 

Interest on $2000 for .97 of a yea*- = $116.40 
Interest on $1 16.40 for 1.03 year^ =: 7.19+ 

$123.59+, myg^in. 
Interest on $2000 fw 1 05 veara =?= $1^3.^0, B«^tgain. 
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Or thus, Interest on $1000 for .97 of a year = $58.20. 

Discount on $1000 for 1.03 yeara = $58.20-4-. 

Note. — The resalts are not exactly equal, because the equated time ii 
not exactly .97 of a year. 



f 23. COMPOUND EQUATION OF PAYMENTS. 

233. Compound Equation of Patmisnts consists in 
equating the debit and also the credit side of an account, and 
then equating those average times. 

Questions of this nature are of daily occurrence in the count- 
ing-room, and may be illustrated by the following examples : — 

1. A has bought of B several bills of goods on different tarma 
cf credit, as follows : — 

April 15, 1857, on 3 months' credit, a bill of $200. 
May 1, « « 4 « « " 600. 

B has also bought of A as follows :— 

May 15, 1857, on 3 months' credit, a bill of $300. 
June 14, " « 4 « « " 900. 

When shall B pay to A the balance of his debt ? 

By the rule, Art. 230, A's debt of $800 is due Aug. 20, and 
B's debt of $1200, Sept. 29, 40 days after A's debt is due, and 
fche question now is, when shall B pay the balance of $400? 

Should A and B pay their respective debts when due, aD 
ivould be right ; but, as it is proposed to settle by B's paying 
Jie balance of $400, he may evidently retain the $400 long 
Plough after Sept. 29 to cancel the favor he has given A in 
allf;^^ ing him to keep $800 for 40 days after it is due ; now, 
j^800 for 4U days equals $400 for 80 days (800 X 40 == 32000 
and 32000 -^ 400 = 80), and 80 days from Sept. 29 extend to 
Dec loathe equated time, Ans. 
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58 C btwrght of D as follpws : — 

Jan. 1, 1857, 100 yds. clotli, on 2m. $300. 
Jan. 15, « 20 coats, « 3m. 200. 

Feb. 15, « 50 shawls, " 60 dajs, 500. 

D also bought of C : — 

Jan. 20, 1857, 10 tons hay, on 3m. $200, 
Feb. 25, « lOObush. com, " 2m. 100. 
Mar. 1, « 200bbL apples, « 2m. 400. 

When shall C pay D the balance of $300 ? 

The equated time for the payment of Cs bills is found to be 
April 2, and that for D's, April 27, 25 days later. Since the 
larger sum is due first, it is evident the balance, $300, must be 
paid long enough before April 2 to have its interest cancel the 
interest on the $700 which remain unpaid for 25 days from 
April 2 to April 27, viz., 58 days (700 X 25 = 17500 and 
17500;-i- 300 = 58^), and 58 days before April 2 will carry ua 
back to Feb. 3, the equated time, Ans. 

334:. From these illustrations, 
' To equate accounts, 

RuirE. — 1. Equate the debit and also the credit side of the aC'- 
county and find the number of days between the equated times. 

2. Multiply the smaller side of the account by this number of 
days^ and divide the product by the difference between the sides ; 
the quotient will be the number of days to be reckoned from the 
equated time of the larger side — to be reckoned forward if the 
larger side is due at the later, and backward if due at the 
earlier date. 

9ti5» Proof. — TTie interest on the two sides of the account 
from the equated time of settlement to the equated time of the 
sides, severally, wiU be alike. 

Proof of Ex. 1 :— , 

'interest on $800 from Aug. 20 to Dec. 18, 120- days = $16. 
Interest on $1200 from Sept4 29 to Dec 18, 80 days*: $16 
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Proof of Ex. 2 :— 

Interest on $1000 from Feb. 3 to April 2, 58 days = $9,667 
Interest on 700 from Feb. 3 to April 27, 83 days = $9,683. 

The difference between the results in Ex. 2 arises from dis* 
regarding the ^ of a day in the equated time. 

Note. — When the larger sum is dae at the earlier date, the rale may 
require the settlement to be made before some of the transactions haye oo- 
cnrred, as in Ex. -2, a resvdt which is obviously impracticable ; bat the dijQl- 
ealty will be removed by adding the interest on the balance dae from th6 
equated to the actual time of settlement. So aUo may a balance be paid be* 
fore it is due, by paying the present worth of it at ^e time of actoal settlii> 
ment. 

8. E bought of F as follows : — 

Jan. 7, 1856, on Im. credit, a.bill of $800 
Feb. 7, « « 2m. « ^ 566.66§ 

« " " « 3m. « « 433.38i ^ 

F also bought of E as follows : — 

Jan. 18, 1856, on 2m. credit, a bill of $200 
Feb. 26, " « 4m. « « * 1200 

Mar. 1, « « 8m. « « 800 

« 26, « *« 3m. « " 800 

When shall F pay E the balance ? Ans. Jan. 27, 1857. 
4. G owes H $800, payable June 4, 1857, and H owes Q 
$600, payable Sept. 6, 1857 ; when is the equated time of set 
tlement, and what should G pay, Sept 6, 1857 ? 

Ans. Aug. 26, 1856 ; $212,333. 



§ 24. EXAMPLES IN ANALYSIS. 

S36. TVe analyze an example when we proceed with it, step 
by step, according to its own conditioms, without the guidance di 
any particular rule. 

14 



Ids EXAMFLE3 IN ANALYSIS. 

Ex. I. If 6 barrels of flour cost $42, what will 11 barrels 
eost? *. 

Solution. — If 6bbl. cost $42, then Ibbl. will cost \ of $42, 
which is $7 ; and if IbbL cost $7, then llbbl. will cost 11 times 
$7, which is $77, the answer. 

2.' K I of a cask of wine cost $35, what will 7 casks cost ? 

8. 20 is ^ of what number ? 

4. 51 is ^i^ of what number ? 

6. 95 is ^1 of what number? 

6. K ^1 of a ton of hay cost 95 shillings, what will a too 
oost? 

7. If f J of a cask of oil is worth $74, what is the v^ue of 
5 casks ? 

8. 64 is I of how many times 12 ? 

9. 72 is f of how many times 4 ? 

10. A man sold a watch for $63, which -was f of its oost , 
what was its cost ? 

11. A pole is ^ in the mud, f in the water and 6 feet above 
water ; what is the length of the pole ? 

12. A ship's crew have provisions sufficient to last 12 men 7* 
months ; how long would they last 24 men ? 

13. A can build 35 rods of wall in 33 days, but B can build 
9 rods while A builds 7 ; how many rods can B build in 44 
days ? Ans. 60. 

14. f of 28 is ^ of how many fifths of 55 ? 

15. i^j. of 44 is % of how many thirds of 15 ? 

16. I of 27 is V o^ ^ow many twelfths of 60? 

17. A fox has 39 rods the start of a hound, but the hound 
runs 27 rods while the fox runs 24 ; how many rods must the 
hound run to.overtake the fox ? Ans. 351- 

18. A man being asked how many sheep he had, replied, that 
if he had as many more, \ as many more and 2^ sheep, he should 
have 100 ; how many had he ? 

19. A man being asked how many sheep he had, replied, thai 
if he had twic c as many more, \ as many more and 3^ sheep, hp 
should have 70 , how many had he ? 
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20. A detachment of 2000 soldiers were supplied with bread 
dnfficieiit for 12 weeks, allowing each man 14 ounces a day, but 
finding 105 barrels containing 2001bs. each, wholly spoiled, how 
Dianj ounces may each man eat daily, that the remainder may 
l&st them 1 2 weeks ? 

21. A detachment of 2000 looldiers, having 4^ of their bread 
spoiled, were put upon an allowance of 12oz. each per day for 
12 weeks ; what was the whole weight of their bread, good and 
bad, and how much was spoiled ? 

22. A detachment of 2000 soldiers having lost 105 barrels of 
bread, weighing 2001bs. each, were allowed but 12oz. each per 
day for 12 weeks ; but if none had been lost, they might have 
had 14oz. daily ; what was the weight, including that which was 
lost, and how much was lefl to subsist on ? 

23. A detachment of 2000 soldiers, having lost ^ of their 
bread, had each 12oz. per day for 12 weeks ; what was the 
weight of their bread, including the part lost, and how much per 
day might each man have had, had none been lost ? 

24. A gentleman left his son an estate, ^ of which he spent 
in 7 months, and ^ of the remainder in 8 months more, when he 
had only $5000 remaining ; what was the value of the estate ? 

25. The quick-step in marching being 2 paces of 28 inches 
each per second, what is the rate per hour ? and in what time 
will a detachment of soldiers reach a place 60 miles distant, 
allowing a halt of 1 J hours ? 

26. Two men and a boy were engaged to reap a field of rye ; 
one of the men could reap it in 10 days, the other in 12, and 
tlie boy in 15 days. In how many days can the three together 
reap it ? 

27. The commander of a besieged fortress has 21bs. bread per 
day for each soldier for 57 days, but, in anticipation of succor, 
he wishes to prolong the siege to 75 days ; in that case, what 
must be the allowance of bread per day ? 

28. A merchant bought a number of balp«> of velvet, each 
eontaining 129ifyd8., at the rate of $7 for 5yds., and sold them 
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out at the rate of $11 for Tyds., and gained $200 by the bai 
gain ; how many bales were there ? Ans. 9. 

29. A merchant bought a number of bales of hops, each bale 
oontaining 246^^1b., at the rate of $3 for 111b., and sold them 
at the rate of $5 for 121b., and gained $248 ; how many bales 
did he buy ? Ans. 7. 

30. Suppose I pay 3|^ cents per bushel for carting my wheat 
Co mill, the miller takes ^ for grinding, it takes 4^ bushels of 
wheat to make a barrel of flour, I pay 25 cents each for barrels 
and $1^ per barrel for carrying the flour to market, where my 
agent sells 60 barrels for $367^, out of which he takes 25 cents 
per barrel for his services ; what do I receive per bushel fpr my 
wLsat ? Ans. 87^ cents. 



§. 25. RATIO. 



337* Ratio is the relation of one quantity to another of the 
same hind; or, it .is the quotient which arises from dividing one 
quantity by aifother of the same kind. 

238* Ratio is usually indicated by two dots ; thus, 8 : 4 
expresses the ratio of 8 to 4. 

The-two quantities compared are the tfirms of the ratio ; the 
first term being the antecedent^ the second the consequent, and 
the two terms, collectively, a couplet, 

339* Most mathematicians consider the antecedent a dividend, 
and the consequent a divisor; 

thus, 8: 4=8-5- 4 = 1 =z= 2, 
and 3 : 12 = 3 ^ 12 =;, ^ = J 

but others take the antecedent for the divisor, and the consequent 
for the dividend, 

thus, 8 I 4 = 4-5-8=1= i, 
and 3 : 12 = 12 -*- 3 = Jyi = 4 
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Either Bjstem, rigidly adhered to, is correct; but t^e frst^ 
being considered the more simple and natural, is adopted in 
' this work. 

34:0. An inverse or reciprocal ratio of any two quantities 
IS the ratio of their reciprocals (106) ; thus, the direct ratio of 
6 to 3 is 6:3 = 6-7-3, and the reciprocal ratio of 6 to 3 is 
J:i = J-5-J = JX f = 1 =,3 -I- 6 = 3: 6;/. any rfiVcc< 
ratio by the Jirst method is a reciprocal ratio by the second, and 
vice versa. 

24.1, If the antecedent equals the consequent, the ratio is a 
unit, and is called a ratio of equality ; thus, 5 : 5 = 1, is a ratio 
of equality. 

343. If the antecedent is greater than the consequent, the 
ratio is more than a unit, and is called a ratio of greater ine- 
quality ; thus, 12 : 4 = 3, is a ratio of greater inequality. 

343. If the antecedent is less than the consequent, the ratio 
is less than a unit, and is called a ratio of less inequality ; thus, 
2 : 10 = Jj is a ratio of less inequality. 

344. The antecedent and consequent being a dividend and 
divisor, it follows that any operations on them will affect the 
value of the ratio just as like operations on the dividend and 
divisor will affect the quotient; or as like operations on the 
numerator and denominator of a fraction will affect the value 
of the fraction ; .*., 

(a) If the antecedent be multiplied by any numbei, the ratio 
18 multiplied by the same (59, a) ; thus, 

12 : 3 = 4, but 2 X 12 : 3 = 2 X 4 ; and 
2 : 6 = J, but 2 X 2 : 6 = 2 X J. 

(b)* If the antecedent be divided, the ratio is divided v59j b) t 
(bag, 

48 : 6 ='8, but 48 -^ 2 : 6 =5 S -^ 2 ; and 
i : 16 = i, but 4 -^ 2 : 16 = i -r 2. 

14* 
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(c) J£ the consequent be multiplied, the ratio is dlTided (59, c) j 
chus, 

80 : 5 = 6, but 30 : 5 X 3 = 6 -i- 3 ; and 
- 3 : 12 = i, but 8 : 12 X 5 = i -1- 5. 

(d) If the consequent be divided, the ratio is multiplied (59| d) ; 
thus, 

18 : 6 = 3, but 18 : 6 -^ 2 = 2 X 3 ; and 
2 : 10 = i, but 2 : 10 -^ 2 = 2 X i. 

(e) If the terms of the ratio are both multiplied or both 
divided by the same number, the ratio is not changed (60, Ck)r, 
and 61, Ck)r.) ; thus, • 

12 : 3 = 4, and 5 X 12 : 5 X 8 = 4 ; also, 
20 : 4 = 5, and 20 -^ 2 : 4 -^ 2 = 5. . 

24:tS* The ratio of two fractions that have a common denom- 
inator is the same as the ratio of their numerators ; thus, ^ : ^ 
= 6:3, since multiplying both terxis by 20 does not alter the 
ratio. 

346. The direct ratio of two fractions that have a common 
Bumerator is the inverse ratio of their dedominators ; thus, f : ^ 
■=: ^ : ^^5^ = H : y\j = 12 : 6 ; for, first, we divide the terms by 
5 (244, e),.then reduce them to a common denominator, and, 
Hnally multiply them by 72 (244, e). 

34:7* The antecedent, consequent and ratio are so related 
to each other, that, if either two of them be given, the other may 
be found ; thus, in 12 : 8 = 4, we have ' 

antecedent -7- consequent = ratio, 
antecedent -4- ratio = consequent, and 
consequent X ratio = antecedent 

248. When there is but one antecedent and one consequent, 
the ratio is said to be simple ; thus, 15 : 5 = 3, is a simple ratia 

240. When the corresponding terms of two or more simple 
ratios are multiplied together, the resulting ratio is said to be 
rmnpound ; 



{ 



BATIO. 16t 

(6 : 3 = 2 
6 :2= 3 J 8 : 2 = 4 
8:2=4 ( 10 ; 2 = 5 

thus, 48 : 4 = 12 and 480 : 12 = 40, are compound ratios. 

A compound ratio is always equal to the product of the simple 
ratios of which it is compounded. 

KoTE. — A compound ratio is n<3t different in its nature from a simpSo 
ratio, but it is called compound mereljr to denote its origin. 

(a) If each of the terms of a ratio be squared (94, i), Note 1), 
the compound ratio so formed is called a duplicate ratio, and is 
equal to the square of the simple ratio; thus, 6^: 22 = 3*, L e. 
86: 4 =: 9, is the duplicate of 6: 2 = 8. 

(b) If eaTih term be cubed (94, b. Note 1), the result is called a 
triplicate ratio, and is equal to the cube of the simple ratio; 
thus, 4*: 23 = 2', i. e. 64: 8 = 8, is the triplicate ratio of 
4:2 = 2. 

(c) A similar result will be obtained by raising the terms of 
a ratio to any like powers^ and also by taking any like roots (94^ 
b, Note 1). 

(d) If the square root of each term be taken, the resulting 
ratio is called the sub-duplicate ratio ; if the cube root, the sub^ 
triplicate ratio ; etc. 

(e) A double or duple ratio is twice a given ratio, and is 
obtained by multiplying the antecedent or by dividing the conse 
quent by 2 (244, a and d) ; a triple ratio is three times a ratio^ 
and is obtained by multiplying the antecedent or dividing the 
consequent by 8 ; etc. Let not the pupil confound duple, triple^ 
quadruple, etc, with duplicate, triplicate, quadruplicate, etc 

(f) The half, third, fourth, etc. of a ratio are called the sub- 
duple, sub-triple, suh-quadruple ratio, etc 

What operations upon the terms of a ratio will produce fh% 
xub-duple, sub-triple, sub-quadruple ratio, etc ? 
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. § 26. PROPORTION. 

3S0. Proporiion is an equality of ratios. 

' StSl. At least 2 ratios and .*. 4 terms are required to form m 
proportion. 

Sd3« The proportionality of the four numbers, 8, 4, 6 and 3, 
may be indicated thus, 

8 : 4 : : 6 : 3, 
which is read, 8 is to 4 as 6 is to 3 ; or, as 8 is to 4 so is 6 to S. 

Any 4 numbers are proportional, and may be written and read 
in like manner, if the quotient of the 1st divided by the 2d is 
equal to the quotient of the 3d tlivided by the 4th. 

3%I3« The 1 st and 4th terms are called extremes, and the 2d 
and 3d, means. The. 1st and 3d are the antecedents of the two 
ratios and the 2d and 4th are the consequents. 

S54:. In a proportion the product of the extremes is equal 
to the product of the means ; thus, in 8 : 4 : : 6 : 3, we have 
8x3 = 4X6; for, from the definition of proportion, we have 
f = J, and, if each member of this equation (7, Note) be multi- 
plied by the product of the denominators, we have 8x3=4 
X 6. 

This is one of the easiest tests of proportionality. 

335* Any changea in the order or magnitude of the terms 
of a proportion which do not affect the equality of the ratios 
will not destroy the proportionality. These changes are very 
numerous ; some of them will be noticed in the Supplement. 

Sti6. Since the product of the extremes is equal to the pro- 
duct of the means, any one term may be found when the other 
three are given ; for the product of the extremes divided by 
either mean will give the other mean, and 'the product of tiie 
means divided by either exti'eme will give the other extreme* 
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237. When th ee numbers are in proportion, as, e. g., 
4 : 6 : : 6 :,9, the 2d is called a mean proportional between tho 
1st and 3d, and the 3d, a third proportional to the 1st and 2d. 

(a) A mean proportional between two numbers may be found 
by multiplying the two given numbers together and then resolv- 
ing the product into two equal factors ; thus, the mean propor- 
tional to 2 and 8 is 4, for 2 X 8 = 16 = 4 X 4 ; .-. 2 : d : : 
4:8. 

(b) A third proportional to two numbers may be found by 
dividing the square of the 2d hy the IsU The third proportional 
to 5 and 10 is 20; for ^0* -i. 5 = 20; .-. 5 : 10 :: 10 : 20. 

258. In all examples in Simple Proportion there are three 
numbers given to find a fourth; .*. Proportion is often called tho 
Rule of Three. 

Two of the three given numbers must he of the same kind^ and 
the other is of the same kind as the answer, 

Ex. 1. If 3 men build 6 rods of wall in a day, how many rods 
will 5 men build ? 

^This example may be analyzed'as follows : — ^If 3 men build 6 
rods, 1 man will build J of 6 rods, i. e. 2 rods ; and if one man 
build 2 rods, 5 men will build 5 times 2 rods, i. e. 10 rods, Ans.; 
but, to solve it by proportion, we say that the given number of 
rods has the same ratio to the required number of rods that 8 
men have to 5 men : ihus, 

8 men : 5 men : : 6 rods : required number of rods. 
Now, since the means and 1st extreme are given, we find tho 2fl 
extreme by dividing the product of the means by the given ex 
treme (256) ; thfls, 

6X5 = 30 and 30 -i- 3 = 10 Ans. as before. 

livery example in Simple Proportion is solved in lik*e manner. 
Bence, 

Rule. — Write that given number which is tfthe same hind an 
ik^ required cmswer^ for the third term ; consider whether th§ 
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nature *of the question requires the answer to be greater or }^9% 
than the third term ; if greater^ write the greater of the two re* 
maining numbers for the second term, and the less for the first ; 
but, if less, write the less for the second and the greater for the 
first ; in eitJier case, divide the product of the second and third 
terms by the first, and the quotient wiU be the term sought. 

Note. — ^If the first and second terms are in different denominations; they 
ihould be-redaced to the same before stating the question. 

Remark. — Every one who intelligently solves an example by 
proportion, does, in effect, solve it by analysis, but the Teacher 
should use much care on this point, since the scholar learns much 
faster when he analyzes a question than when he merely follows 
a rule. 

Let the following examples be solved by analysis and by pro- 
portion. 

Ex. 2. If a man earn $24 in 2 months how much will be 
earn in 9 months ? 

2 : 9 : : 2 4 : 4th term. Since . we are seeking for dol- 

9 lars, we make $24 th(§ 3d term, 

^ V ^^ .. ^ •. and then, as a man will earn 

Z___ more in 9 months than he will 

$ 1 8, Aixi, in 2 months, we make 9 the 2d 

term and 2 the 1st. To analyze 
tfie above we say, — If a man earn $24 in 2 months, then in 1 
month he will earn ^ of $24, i. e. $12 ; and if he earn $12 in J 
month, then in 9 months he will earn 9 times $12, i. e. $108 
Ans. 

3. If a staff 3 feet long casts a shadow 4 feet, what is the 
hight of a steeple which, at the same time, casts a shadow. 
240 feet ? Ans. 180 feet 

4. If a staff 3 feet long casts a shadow 4 feet, how long is tlie 
shadow of a steeple which is 180 feet high, at the same time ? 

5. If a steeple 180 feet high casts a shadow 240 feet- what is 
the hight of a s aff which, at the same time, casts a shadow 4 
fe«t? 
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6. If ti iteeple 180 feet high casts a shadow 240 feet, what 
is the lek^gth of the shadow cast bj a staff 3 feet high, at the 
same time ? 

7. If a locomotive run 39000 miles in 13 weeks, how far, at 
that rate, would it run in 52 weeks ? 
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18 : 52 : : 39000 : 4th term. 

52 

78000 
195000 

18) 2028000 (156000, Ans. 

13 

72 . 

65_ 

78 
78 



BT CANCELING. 



39000 X Hi 



= 156000, Ana 



or. 



3000 
g0000 X 52 



= 156000, Ans 



000 

8. If ^3 men perform a piece of work in 67 days, in how 
many dajs will 11 men perform the same ? Ans. 201. 

9^ K a man's salary amounts to $2700 in 3 years, what will 
it amount to in 11 years ? 

10. If a man's salary amounts to $9900 in 1 1 years, in how 
many years will it amount to $2700 ? 

11. If I pay 2s. 8d. per week for pasturing 2 cows, whtt 
iliall I pay for pasturing 11 cows ? 



2:11::2b. 8d. :1 

n 

2) 293. 4d . 
Ans. 14s. 8d. 



or. 



f2:ll::32d.: 
11 

2) 352d . 

Ans. 176d..^l4» 8d. 



12. If I pay, 2s. 8d. for pasturing 2 cows,, how many sows can 
b^ pastured the same time for 14s. 8d. ? 
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BT PBOPOBTION. BT CANGBLIK^. 

82d. : 176d. : : 2 11 

2 *X^t6 ,, , 

= 11, Ans. 



32) 352 (11, Ans. 02 

32^ X^ 

32 

13. If 13a. 2r. 6rd. of land is worth 130£. 9s. 6d., what is 
the value of 94a. 3r. 2rd. ? 

STATEMENTS BT PBOPOBTION. 

13a. 2r. 6rd. : 94a. 3r. 2rd. : : 130£. 9s. 6d. : 4th term ; 
or, 13.5375a. : 94.7625a. : : 130.475£. : 4th term ; 
or, 2166rd. : 15162rd. : : 31314d. : 4th term. 

STATEMENT BT CANCEUNG. 

7 
180.475 X U'Hil^ 



x^^H^Tti 



= 913.825£ = 913£. Gs. 6d., Ana. 



STATEMENT BT GANCELINO. 
7 

31314 X i$Hi 

caZZ = 219198d. = 913£. 6s. 6d.,- Ans. 

• 

14. If 94a. 3r. 2rd. of land cost 918£. 6s. 6d., how much 
(and may be bought for 130£. 9s. 6d. ? 

15. If 13a. 2r. 6rd -of land cost 130£. 9s. GoL, how much 
may be bought for 913£. 6s. 6d. ? 

16. If 94a. 3r. 2rd. of land cost 913£. 6s. 6d.,. what will 13a. 
2r. 6rd. cost ? 

17. If 12 J yds. of silk that is f yd. wide will make a dress, 
how many yds. of muslin that is 1 } yd. -vide will be required to 
line it ? Ans. 6y\. 

18. If -^^ of a ship cost $1163, what is -P^ of her worth ? 

19. If 6 men perform a piece of work in 40 days, how long 
will it take 10 men to do the same ? 
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20. If I of a barrel y£ flour cost $3.60, what will 14 barrels 
cost? 

21. If f of an acre of land is worth $36.40, what is the valao 
of 15 ,\ acres at the same •price ? 

22. If 6 men can mow 12a. 3r. 16rd. of grass in 2 days, by 
working 6 hours per day, how many days will it take them if 
they work only 4 hours per day ? 

23. If 2bbl. of flour are worth as much as 3 cords of •wood, 
how )iany barrels of flour will pay for 45 cords of wood ? 

24. If 4 men can perform a piece of work in 16 days, how 
many men must be added to the number to perform the same in 
4 days ? 

25. A ship's crew of 15 men is provisioned for 30 days ; hew 
many men must be discharged that the provision may last 15 
days longer? 

26. A bankrupt, owing $25000, has property worth $15000; 
how much will be received on a debt of $500 ? 

27. A man, owning f of a ship, sells § of his share for 
$20000 ; what is the value of the ship ? 

28. Borrowed $300 for 9 months ; for how long must $450 
be lent to repay the favor ? 

29. If, when flour is worth $12 per barrel, a penny loaf 
weighs 4oz., what ought it to weigh when flour is worth $8 per 
barrel ? 

80. A and B hired a pasture for $45.90, in which A pastured 
11 oxen and B 19 ; what shall each pay ? 

31. If 13 men perform a piece of work in 45 days, how many 
men must be added to perform the same in ^ of the time ? 

32. How many yards of cloth J of a yard wide are equal to 
63 yards 1 J yards wide ? 

33. If 10 horses eat 35 bushels of oats in 2 weeks, how many 
bushels will 14 horses eat in the same time ? 

34. If the interest on $700 is $42 in one year, what will bo 
the interest on the same sum for 3^ years ? 

35. How many yards of paper 2 feet in width will paper a 
room that is 13^^ feet bag, 12 feet wide and 9 feet high ? 

n 
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86. If I pay $168 for 63 gallons of vrine, how much water 
shall I add that I maj sell it at $2 per gallon without loss ? 

37. A certain house was built by 30 workmen in 97 daysi 
but, being burned, it is required to rebuild it in 30 days ; how 
many men must be employed ? 

38. A garrison of loOO men has provisions for 12 months ; 
w long will the same provisions last if the garrison is re* 
forced by 300, men ? 

39. If a piece of land 20 rods long and 8 rods wide contain 
an acre, how long must it be to contain the same when it is but 
2 rods :wide ? 

40. If the earth revolves 366 times in 365 days, in what time 
does it revolve once ? Ans. 23h.. 56^'^m. 

41. A wall which was to be built 24 feet high was raised 8 
feet by 6 men in 12 days ; how many men must be employed to 
complete the waU in 12 days more ? 

42. A wall was completed by 12 men in 12 days ; how many 
men would complete the same in 4 days ? 

43. Paid $3.50 for 71b. of tea ; what should I pay for 191b. ? 

44. K a man perform a journey in 6 days when the days are 
12 hours long, in how many days of 8 hours each will he per- 
fesi the same ? 

45. Lent a friend $^0 for 3 months ; afterwards he lent me 
$300. How long may I retain it to balance the favor ? 

46. If 9 yards of muslin that is 1-^ yards wide will make a 
dress, how many yards of lining mil be required, that is but J 
of a yard wide ? 

47. A cistern has a pipe that* will fill it in 6 hours ; how many 
pipes of the same size wilf fill it in 45 minutes ? 

48. A cistern has 3 pipes ; the first wiU fill it in 3 hours, the 
second in 4 hours and the third in 5 hours. In what time will 
they*together fill the cistern? Ans. IJf hours. 

49. A can cut a field of grain in 8 days ; A and B can cut it 
in 6 days. In what time can B do the same ? 

50. K 2 horses can draw a load of 16 tons upon a railwaji 
bow many horses will be required to draw 72 tons ? 



OOttPOlJKD PBOPO&TIOK. 171 

51. A faim was sold at $25.50 per acre, amounting to 
$1 925.25 ; how many acres did the farm contain ? 

Ans. 75a. 2r. 

52. Bought' a horse for $75, and a pair of oxen for a price 
which was to the price of the horse in the duplicate ratio of 7 to 
5 ; what was the price of the oxen ? 

53. A garrison of 300 men has provisions to last 60 days ; 
how long will the same provisions last if the garrison is le- 
enforced by 100 men ? 

54. A garrison of 1000 men have 14oz. of bread each per 
day for 120 days ; how long will the same bread last them if 
each man is allowed but 12pz. per day ? 

55. If y^ of a ship cost $25000, what is \i of her worth ? 

56. At 127 per cwt., what is the cost of 37ilb. ? 

57. K .25 of a piece of land are worth $750, what are .876 
of it worth ? 

58. A's property is to B's in the triplicate ratio of 3 toi 4} 
B's estate is worth $12800 ; what is the value of A's. ? 

59. The earth moves 19 miles per second in her orbit ; how 
for does she go in 3m. 27sec. ? 



§27. COMPOUND PROPORTION, 

StSO. CoMi^ouND Proportion is an equoAity of two ratios 
one of which is compound and the other simple ; thus, 

16* n r : : 18 : 9, is a Compound pix>portion ; 

and A8 : 24 : : 19 : 9, is the same reduced to a simple form. 
Note. — The compound ratio may consist of any number of couplets. 

300. Every compound proportion may be reduced to a 
simple fonn, and, moreover, every example in compound propor* 
tian may be sdt^ by mean^ of two or more simple proportions 
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TjX. 1. If 6 men in 8 hours thresh 80 bushels of wheat, in how 
many hours will 2 men thresh 5 bushels ? 

BY SIMPLE PROPOLRTION. 

2:6:: 8 : 24, and 
30 : 5 : : 24 : 4, Ans. 

In solving this question by simple proportion, we, in the first 
place, disregard the amount of labor, and inquire how long it 
will take 2 men to do as much as 6 men in 8 hours. Having 
found 24 hours to be the answer to this question, we next disre- 
Ijard the number of men, and inquire how long it will take to 
thresh 5 bushels of wheat if 30 bushels are threshed in 24 hours, 
and chus obtain 4 hours, the true answer to the question. 

s 
BY COMPOUND PROPORTION. 



2:6 
30:5 



>• : : 8 : 4, Ans. 

Ti shorten the work, we may consider both conditions as 

( 2*67 
on'je. It will be seen that, of the first two couplets, ■] oq * '"* k ' 

one is a* ratio of less and the other o{ greater inequality (243 and 
242) ; but there is no impropriety in this, for one condition of 
the question requires the answer to be greater than the 3d term, 
and the other condition requires it to be less. 

361* There is no new principle in Compound Propcrtioii 
Flence, 

To solve questions in Compound Proportion, 

Rule.— 7 Write that given number which is of the same kind 
as the required answer for the Sd term; take any two of the remain^ 
ing terms that are alike, and, considering the question as 
DEPENDING ON THESE ALONE, arrange them as in simple prO' 
portion ; arrange each pair of like ^terms hy the same prin- 
ciples ; and then multiply the continued product of the 2d terms 
by ihe 3d term, and divide this result by the continued product of 
the 'V^ terms ; the quotient will be the term sought. 
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Note.— The work may frequently be much abridged by canceling any 
factor in the 2d and 3d terms, witli a like factor in tlio 1st tcims (127, i^ 
Note 2). 

Ex. 2. K 6 men in 15 days earn $135, how many dollars will 
9 men earn in 18 days ? 

9 X 18 X 135 = 21870 = continued productof2dand3dtcr«8. 
6 X 15 = 90 = continued product of 1st terms. 
.^1870 -^ 90 = 243, Ans. 






THE SAME CANCELED. 



••^^^\'-"'ir-'\or. 



9 X 27 = 243, Ans. 






. 27 
6X^5 =243, Ai* 



3. If 3 men, in 16 days of. 12 houi^s each, build a wall 30ft, 
long, 8ft. high and 3ft. thick, in how many days of 9 hours each 
can 9 men build a wall 45ft. long, 9fl. high and 6ft. thick ? 

Ans. 24. 

9 men : 3 men 
9 hours : 12 hours 
80ft. lo*^ *^ : 45ft. long V : : 16 days : — ? days. 
8ft. high : 9ft. liigh 
3ft. thick: 6ft. thick 

4. A wall, which was to be built 32 feet high, was raised y 
feet by 6 men in K days ; how many men must be employed to 
finish the wall in 6 days ? Ans. 36. 

5. K 3 men, in 16 days of 12 hours each, build a wall 30ft. 
long, 8ft, high and 3ft. thick, how many men will be required to 
build a wall 45ft. long, 9ft. high and 6ft. thick, in 24 days of 9 
hours each ? 

G. If a family of 6 persons spend ^ $600 in 8 months, how 
many dollars will be required for afiunily of 10 persons in 14 
months ? Ans. $1750. 

15* 
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7. If tLe transportation of 9hhd&. o£ sugar, each weighing 12 
cwt., 20 leagues; cost $50, what must be paid for the transporta- 
tion of 50 tierces, each weighing 2^wt., 300 miles ? 

8. If $100 gain $8 in 1 year, what will $300 gain m 9 
months ? 

9. If $^00 gain $18 in 9 months, what will $100 gain in 1 
year? 

10. If $100 gain $8 in 1 year, in what time will $300 gain 
$18? ^ 

11. If #100 gain $8 in 1 year, what principal will gain $18w 
in 9 months ? 

12. K $300 gain $18 in 9 months, what is the rate per cent. ? 

13. If a 2 penny loaf weighs 8oz. when wheat is 6s. 9d. per 
bushel, how much bread may be bought for 3s. 4d. when wheat 
is worth 13s. 6d. per bushel ? Ans. 51bs. 

. 14. If a bar of silver 2ft. 1 inch long. Gin. wide and 3in. thick, 
be worth $2725, what is the value of a bar of gold 1ft. 9j-§in« 
long, 8in. wide and 4in. thick, the specific gravity of silver to 
that of gold beiii^ as 10.47 to 19.26, and the value per oz. of silver 
being to that of gold as 2 to 83 ? Ans. $128293. 

15. If 496 men, in 5 days of 12h. 6m. each, dig a trench of 9 
degrees of hardness 465 feet long, 3^ feet wide and 4^ feet deep, 
how many men will be required to dig a trench of 2 degrees of 
hardness 168} feet long, 7^ feet wide and 2| deep, in 22 days of 
9 hours each ? Ans. 15. 



§28. CONJOINED PROPORTION. 

969. Conjoined PROPORTiaN (frequently called the 
^%ain Rule and also Arbitration of Exchange) is a spiecies of 
Compound Proportion, in which the antecedent and consequent 
j*f each couplet are in different denominations, but equivalent in 
ralue, and each antecedent is in the same denomination as tha 
consequent in the following couplet. 
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363. The rule is principallj employed in the operations of 
exchange in the currencies of different countries; lut, to unfold 
its principles, we will apply it to one or two simple examples in 
reduction. 

Ex. 1. If 4qr. = 1 d., 12d. = Is. and 20s. = l£, how manj 
farthings are equal to 3£ ? 

3£ = how many qr. ? Here, evidently, the con- 

If 20s. = 1£, tinned product of the nun^ 

12d. == Is. » bers on the left of the 

and 4qr. = Id. signs of equality, will be 

A oooA oj? the answer; but, had the 

Ana. 2880qr. = 3£.. ^^^^^j^^ read thus: -If 

iqr. = Id., 24d. = 2s. and' 20s. = 1£, how many farthings are 
i^ual to d£ ?, we would have arranged the numbers as in the 

margin, and then, evident- 

on X, o ly* file continued pix)duct 

Tf on — ^T °^^ ^''' <>^ ^^« numbers on the left 

OAA ~ I o^ the signs of equality 

- ^^- — i^: divided by 2, (i. e. by the 

and 4qr. _ Id. continued product of the 

6760qr. = 2 X 3£, numbers on the right of 

and 5760qr. -^ 2 = 2880qr.=3£. the signs of equality,) will 

be the number of farthings 
in d£, as before. 

(a) This principle is equally applicable to examples in redac- 
tion ascending. 

£x. 2. If 1£ = 20s., Is = 12d and Id. = 4qr., how many 
pounds are equal to 14400qr. ? 

14400qr. = how many £ ? Here, as in the pre- 

K Id. = 4qr., ceding example, the 

Is. = 12d. . continued product of 

and 1£ = 203. the left hand members 

14400 -H 960 = 15£, Ans. <»^ *^« equations, divid- 

ed by the oontmucd 
pnnluct of the right hand members,* gives the correct result. 

This, and all other examples, may also be modified in the 
same msmner as example 1 ; thus, — If l£ = 20s., 3s. = SGd^ 
«ud 5d. =20qr., how many pounds are equal to 14400qr. ? 
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« 

14400qr. = how many £ ? It is an axiom that, if 

If 5d. =:p: 20qr., equal quantities are mul- 

3s. = 36d. - tiplied by equals, the 

andl£ = 20s. products will be equal 

216000 -^ 14400 = 15£, Ans. ^ow, in Conjoined Pro- 

portion, we liave a se 
ries of equations, in which all the members are given, except th« 
2d member of the 1st equation ; .•. if the continued product of 
the 1st members be divided by the continued product of thf 
known 2d members, the quotient wms^ necessarily be the unknown 
2d member, which is the number sought. 

Ex. 3. If 5 gal. molasses are equal in value to 2 bush, con?, 
and 18 bush, corn to 3 cords of wood, how many gallons of mo- 
lasses are equal in value to 7 cords of wopd ? 

7cords = ^gal. ? ^^ ^x. 1, 3£ may be 

If ISbush. = 3cords ^^^^ t^« demanding 

and 5gal. = 2bush. '^^ >* ^ Ex. 2 and 3, 

ToTv "^ nr 1 A 14400qr.'and 7cords are 

C30 -1- 6 = 105gal., Ans. the demanding terms. 

All similar examples may be solved in like manner. Hence, 

To solve questions in Conjoined Proportion, 

ItuLE. — Write the demanding term, and at the right of it a 
blank in the place of the term sought, with the sign = between 
them ; write the term of the same name as the demanding term 
under the blank, and that which is equal to it in value at the left 
of it, with the sign = between them ; and thus proceed, writing 
the term of the same name as the one last placed, on the right and 
the term equal to this on the left, till all the terms are written ; 
then the continued product of the left-hand members, divided by 
the continued product of the right-hand members, will be the term 
sought. - 

Note. — We may cancel here as elsewhere. 

Ex. 4. If 9£ sterling money equals 12£ N. E. currency, 6£ 
N. E. equals 8£ N. Y., 16£ N. Y. equals 15£ N.-J. and 45£ 
N. J. equals 28£ Gia. currency, how many pounds sterling are 
equal in value t6 56£ Ga. currency? Ans. ^4 
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5. If 20 acres of land in Andover are worth as much as 80 
Acres in Boxfbrd, 50 in Bokford as much as 45 in Methuen, 25 
in Methuen as 20 in Lawrence, and 33 in Lawrence as 40 in 
Bradford, how many in Andover are equal in value to 1800 in 
Bradford ? 

6. If 20 boys will perform as much labor as 15 men, and 12 
men as much as 18 women, how many boys would be required 
to perform as much labor as 27 women ? 

7. If 483 American eagles are equal in value to 1000 English 
sovereigns^ 150 English sovereigns to 161 French Louis d'ors, 
22 Louis d'ors to 45 Italian sequins, 95 sequins to 44 German 
Carolins, and 88 Carolins to 190 Swiss ducats, how many Amer- 
ican eagles are equal in value to 50 Swiss ducats ? An^. 11. 

. 3l84:« All these examples may be solved by a series of sim- 
ple proportions, and, of course, by compound proportion. Each 
example may also be ^alyzed in various different ways. For 
illustration, let us take Ex. 8 : — J£ 5gaL molasses are equal in 

value to 2bush. com, and 18bush. com to 3cords of wood, hot; 

'I 
many gallons of molasses are equal in value to 7oords of wood ? 

BT SIMPLE PBOPORTION. 

8cords : 7cords : : 18bush. : 42bush., and 



BY 


m 

COMPOUND 


PBOPOBTIOX. 


* 8 

2 


:18; • 


:5 


: 105, Ans. 


• 


BT ANALTSIS. 


Since 


8oords 


= 


18bush^ 




Icord 


= 


6bush. ; 


•nd since 


5gaL 




2bush., 




15gaL 


— 


6bush. ; 


• 
• • 


Icord 


= 


15gaLy 


and 


7cords 


— 


105gal., An». 
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§29. PROFIT AiJD LOSS. 

96Sm "Profit and Loss," as a commercial term, sigiiities 
the gain or loss in business transactions. The rule may refer to 
the absolute gain or loss, or to the percentage of gain or loss on 
Uic purchase price of the property considered. 

SG6« Prob. 1. — ^To find the absolute gain or loss on a quan- 
tity of goods sold at retail, the purchase price of the whole quah- 
Uty being given, 

Rule. — Ascertain the whole sum received for the goods, and 
the difference between this and the purchase price will be the gain 
or loss. 

Ex. 1. Bought 16bbl. of flour for $100 and sold it at $7 pisr 
bbl.; did I gain or lose? how much total* and per bbl.? 

Ans. Gained $]£ total ; 75c. per bbl. 

2. Bought 75yds. broadcloth for $250 and sold it at $4 per 
yd. ; did I gain or lose ? how much total and per yd. ? Ans. 

3. Bought IScwt. Iqr. 191b. of sugar for $107.52 and sold it at 
6^cts. per lb. ; did I gain or lose ? how much total and per lb. ? 

Ans. Lost $23.52 total ; If c. per lb. 

4. Bought 164 yards of broadcloth and J as many yards of 
cassimere for $1107 ; sold the broadcloth at $3 per yd. and the 
cassimere at f as much per yd. Did I make or lose? how 
much ? 

S67. Pbob. 2. — ^To find the percentage of gain or loss. 

Rule 1. — Find the toted gain or loss by Art, 266, and then 
say, as the purchase price is to the total gain or loss, so is 100 
per cent, to the gain or loss per cent. 

KoTE. — The par value of an article Is its first cost. 

Ex. 1. What do I gain per cent, if T buy flour at $6 and sell 
h at $7 per bbl. 

Cost : Gain : : Par Value : Gain per cent. 
$6 : $1 :: 100 per cent, : 1 6f per cent.. Ana. 
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2. Bought a share of the Boston & Maine Raiboad stock foi 
$108 and sold it for $105 ? what was my loss per cent. ? 

$108 : $3 : : 100 : 2|, Ans. 

(a) I?UT.E 2. — Make a common fraction^ writing the gain or hti 
for the numerator and the cost of the article for the dcnyminatcr^ 
and then reduce the fraction'to a decimal. 

Thus, in Ex. 2, $3 is the loss and $108 the cost .•. the loss is 

y^^ of the. purchase money and yj^ 
.^§3 = .02 J, Ans. = .02 J; i. e. 2 J hundredths or 2 J 

per cent, of the cost. 

8. Purchased a quantity of merchandise for $3d96 and sold 
ibe same for $3670.80; what did I gain per cent. ? 

Ans. 5 per cent. 

4. Bought a quantity of goods for $3496 and sold the sam0 
to John Smith on his note at 60 days for $3709.75^%VV. This 
note was, on the same day, discounted at the Andover Bank* 
Did I make or lose ? how much per ceut. ? 

Ans. Gained 5 per cent. 

5. Bought a flock of sheep at $4 per head and sold them at $5 , 
what per cent, was gained ? 

6. Bought sheep at $5 per head and sold them at $4 ; what 
per cent, was lost ? ^ 

7. Bought goods for $4000, and, in one year, sold the same 
for $4310, out of which paid $190 for storage, etc.; how much 
per cent, on the first cost was lost ? « 

SG8. Prob. 3. — The purchase price of an article being 
fi ren to find such a selling price as to gain or lose a certain pef 
Aent. on the cost, 

Btji E 1. — Multiply the purchase price hy the per cent, to b6 
gained or lost, written decimally, and add the product to or sub* 
)raet it from the purchase price. 
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Ex. 1. Bought goods for $400 ; how must the same be sold 
so as to gain 25 per cent ? 

$400 
.2 5 

^ ^ ^ ^ This is the same as firviing (he 

2.2_2__ amount of a sum of money on 

$ 1 0.0 =gain. interest for 1 year at 25 per cent 
$40 . 

$5 00.Ans. 

2. Bought a horse for $150, but it being injured, I am williog 
b& lose 10 per cent ; for what may I sell him ? 

^H ^ ^ This is the same as finding 

'^ Q the present worth of a sum 



$ 1 5.0 = loss. due a year hence, discounting 

JI15 — $15 = $185, Ans. as at the banks. 

(a) Rule 2. — As 100 is to 100 increased hy the per ccnU €0 
be gained or diminished hy the per cent, to be losty so is 4he pur 
chase price to the selling price. 

By this rule the 1st example will be solved thus : — 

Par value : Premium value : : 1st Cost : Selling price. 
100 per cent: 125 per cent:: $400 •• $500, Ans. 

The 2d example is solved tlftis : — 

100 : 90 : : $150 : $185, Ans. 
£x. 3. Bought pepper at 12^ cts. per lb. ; how shall it be sold 
to lose 10 per cent. ? Ans. lie and 2^nL 

4. Bought 3 cwt of sugar at 12^ cts. ; how shall the same be 
sold per lb. so as to gain 20 per cent. ? 

5. Bought 6 shares of Exchange Bank Stock at $100 per 
share ; how shall the same be sold to gain 6^ per cent. ? 

S60« Prob. 4. — To find the first cost of an article when we 
know tlie selling price and the gain or loss per cent, on the oosti 

Rule. — Say a« 1 00 increased by the per cent, to be gainetl or 
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iirmnished hy the per cent to he lost is to 100, so is the selling 
price to the purchcLse price. 

Ex. 1. Sold wheat at $1 .50 per bushel, and thereby g^dned 
25 per cent on the cost ; what was the purchase price ? 

Premium value : Par value : : Selling price : Cost 
- 125 per cent. : lOOper cent. : : $1.50 : .$1.20^ Ans. 

2. Sold apples at $1.75 per bbl. and thereby lost 10 per cent, 
on the cost ; what was the cost ? 

90 : 100 : : 1.75 : $1.94|, Ans. ^ 

B. Sold 6 yds. cloth for $30 and gained 12 per cent, on the 
cost ; what was the purchase price per yard ? 

4. Sold 10 shares of the Fitchburg R. E. stock for $800, and 
thereby lost 20 per cent on the cost ; what did I pay per share ? 

370* Pbob. 5. — ^If goods be sold at a certain price, and 
there be gained or lost a certain per cent on the cost, to find 
what would be gained or lost per cent*, if sold at some other 
price, • 

Rule. — As the tzctual price is to the proposed price, so is 100 
increased or diminished iy the gain or loss per cent, to 100 in- 
creased or diminished hy the gain or loss per cent, when sold at 
the proposed price. 

Ex. 1. Sold fiour at $7 per bbL and thereby gained 16§ per 
sent; what per cent should I have gained if I had sold it at 
$7.50 ? 

Actual price : Proposed price : : 100 4"gaiii per cent. : 100 + gain per cent 
$7 : $7.50 :: il6| : 125, and 

125 per cent •=- 100 per cent = 25 per cent, Ans. 

2. Sold beef at $6 per cwt., and thereby lost 5 per cent; 
ahould I have gained or lost, and how much per cent, had I fold 
t at $7 ? 

S6 : S7 : : 95 : llOf, and 110^ — 100 = 10| percent gain, Ana 

16 
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8. Sold a watch for $21 and gained 5 per cent, on the dbst; 
had I sold it for |(18 should I have gained or lost, and how much 
per cent, ? 

$21 : $18 : : 105 per cent. : 90 per cent 
100 — 90 = 10 per cent, loss, Ans. 

I a 

4. Sold a farm for $5000 and thereby made 25 per cent. ; 
should I have gained or lost, and how much per cent, if I had 
sold it for $3000 ? 

5. Sold a pair of oxen for ^$175 and gained 5 per cent. ; what 
per c^t. should I have gained if I had sold them for $200 ? 

6. Sold a house for $4000 and gained 20 per cent ; should I 
have gained or lost, and how much per cent, if I had sold it for 
$3000? 

7. Sold a house for $5000 and gained 25 per cent. ; what per 
cent should I have gained if I had sold it for $6000 ? 

371« Prob. 6. — To mark goods so that the merchant may 
deduct a certain per cent, from the marked price and yet sell the 
goods at cost or at a certain per cent above or below cost* 

(a) To-sell at cost, 

Ex. 1. Bought broadcloth at $4.50 per yard; how shall I 
mark it so that I may deduct 10 per cent, from the marked price 
and yet sell at cost ? 

* To determine the per cent, by which to increase the first cost, by an 
Algebraic process, we have this 

HuLE. — Multiply the per cent, to be deducted from the marked price by 100, 
and divide the product by 100 diminished by the same per cent. ; the quotient will 
be ilie per cent, by which to increase the first cost of the goods. 

Ex. Bought a case of boots at $4 per pair ; at what per cent of increase 
shall l^mark them to enable me to deduct 20 per cent and yet sell them at 

cost? 

« 

10 X 20 2000 

100 — 20 — 80 — 25, Ans. 

Proop. — 25 per cent, on $4 is $1, which added to $4, gives S5 for the 
marked price ; again 20 per cent, on $5 is $1, which sabtractcd from S5^ 
the marked price, gives $4, the cost 
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Since the marked price is to be diminished by 10 per cent, of 
itself, the selling price must be the remaining 90 per cent, of the 
marked price ; now if $4.50 is 90 per cent, ^^j of $4.50 = 5 
cents is 1 per cent, and . • . 100 per cent, will be 100 times 5 
cents = $5, Ans. 

Remark. — When the per centage can be reduced to a con- 
venient vulgar fraction, as in Ex. 1, it may be better to employ 
the fraction rather than the per cent. ; thus 90 percent, or ■ft*\j = 
/^, and if $4.50 is ^^ of the marked price, i of $4.50 = 50 
cents is ^J^ and . • . ^g, i. e., the whole, will be 10 times 50 cents 
c= $5, Ans. as before. 

This example may also be solved by proportion ; thus, 

90 per cent. : 100 per cent. : : $4.50 : $5, Ans. as above. 
Hence, 

Rule.-: — As 100 diminished by the percent, to he deducted is to 
100, so is the cost to the marked price, 

2. Bought a shawl for $18 ; how shall I mark it so that I may 
make a discount of 10 per cent, and yet sell it for $18 ? 

(b) To sell at a certain per cent, above or below cost, 

Ex. 1. How shall I mark a watch which cost $40 so that I 
may deduct 15 per cent, on the marked price, and yet make 25 
per cent, on the cost ? 

Since I am to gain 2^ pc cent, or J of the cost, I must sell 
it for $40 + i of $40 = $50: 

Again, as I am to deduct 15 per cent., the $50 is only -j^g^ of 
the marked price ; hence the proportion : — 

85 per cent. : 100 per cent. : : $50 : $58.8^5^, Ans. 

In the above we first find the selling price, and then, treating 
that as the first cost, proceed as in Art. 271, a. 

The example may also be so/ved by proportion ; thus, 

85 per cent. : 125 per cent. : : $40: $58.82 /y, Ans. as before. 
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All similar examples may be solved in like mamier. Hgice, 

Rule. — Sat/ as 100 diminished by the per cent, to be deducted is 
to 100 increased by the per cent.to be gained or diminished by the 
per cent, to be lost, so is the cost to the marked price 

2. Bought a piece of broadcloth at $5, but, it being damaged,. 
I am willing to lose 20 per cent. ; how shall I mark it so that I 
may deduct 10 per cent, from the marked price ? 

90 ; 80 : : $5 : $4.44|, Ans. 

3. Paid $4 a pair for a case of boots ; how shall I mark the 
same so that I may fall 10 per cent, from the marked price and 
yet make 25 per cent, on the cost? 

4. Paid $8 each for a case of bonnets ; how shall I mark the 
same so that I may fall 12 per cent, from the marked price and 
yet make 10 per cent on the cost ? 

5. Bought a pair of oxen for $150 ; what shall I ask for them 
80 that I may fall 5 per cent and yet make 5 per cent on the 
cost? 

6. 'Bought a horse for $175 ; what shall I ask for it so that I 
may fall 20 per cent and yet lose but 5 per cent on the oostZ. 

- 373. Miscellaneous Examples in Profit and Loss. 

1. Bought 10 tons of hay for $155 and sold ^ of it at $15 per 
ton and the remainder at $17 ; did I make or lose ? how much ? 

2. What do I gain per cent if I buy hats at $3 and sell them 
at $4.5^ each ? 

3. Bought shoes at $1.50 per pair and sold them at $1.25 ; 
what per cent on the cost was lost? 

4. Sold potatoes at 75c per bushel and lost 10 per cent oo 
the cost; for what should they be sold to gain 25 per cent? 

5. Paid $3 per yard for a case of wrought laces ; how shalL I 
mark the same to enable me to make a discount of 25 per cent 
from the marked price and yet gain 50 per cent on the cost? 
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6.' Sold cloth at $4 per yard and lost 10 per cent ; dhould I 
have gained or lost, and how much per cent., if I had received 
$4.25 ? 

* 7. Sold a watch for $40 and lost 12 per cent on the cost ; 
what was the cost ? 

8. A merchant bought broadcloth that was 1 J yards wide for 
S3.50 per yard, but the cloth, getting wet, shrunk 5 per cent in 
width and 10 per cent in length ; at what price per square yard 
most it be sold to gain 5 per cent on the cost ? 



§80. PARTNERSHIP. 

S73« Partnership is the association of two or more per- 
sons in business. 

The company thus formed is called 2k firm or house* 

The money or other property invested is called the capital ok 
stock of the company. 

The members of the firm are called stockholders. 

The profits distributed from time to time among the stock- . 
holders are called dividends. 

9f74L. Ex. 1. A and B trade in company ; A furnishes $500 
and B $700 ; they gain $480. How shall the partners shai^ 
the gain ? 

Since A furnishes ^ of the stock, he is entitled to ^ of the 
gain, i. e. ^ of $480 = $200; and, for a like reason, B is 
entitled to ^^ of the gain = $280. 

(a) Or we may make a proportion ; thus, 



Whole stock 
$1200 
luid Whole stock 
$1200 



A*s stock : : Wliole gain : A*s gain. 

$500 :: $480 : $200; 
B's stock : : Whole gain : B's gaiii- 

$700 : : $480 : $2L0 Henoe, 
16» 
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To find the respective shares of gain or loss, 

JluLE 1. — Multiply the total gain or loss hy each pai'tnef^M 
fractional part of the stocky and the products will he the respective 
shares of gain or loss ; or, 

Rule 2. — Say^ as the whole stock is to each partner^ s share of 
the stock, so is the total gain or loss to his share of the gain or 
loss, 

37d. Proof. — The ^um of the shares of gain or loss mvt$i 
equal the total gain or loss. 

Ex. 2. A, B and C form a partnership ; A furnishes $3000, 
B $5000 and C $7000 ; they gain $3000. How shall the gain 
be divided ? Ans. A's, $600 ; B's, $1000 ; C's, $1400. 

8. Had the firm in Ex. 2 lost $600, what part of the loss must 
each partner sustain ? how many dollars ? 

1st Ans. A, i; B, J; C, t^. 

2d Ans. A, $120; B, $200; C, $280. 

4. A, B and C trade with a joint capital; A furnishes } of 
the stock; B, f ; and C the remainder; they gain $4284.21; 
what is each partner's share of the gain ? 

Note. — These rules are equally applicable to distributing the property of 
a bankrupt and many other similar problems. 

5. A bankrupt whose J)roperty is worth $3000 owes A $2000, 
B $1500 and C $1000 ; to what fractional part of the property 
Is each creditor entitled? to how many dollars? 

6. A, B and C hire a pasture, for which they pa;^ $150 ; A 
pastures 10 oxen ; B, 8, and C, 12 ; what part of. the rent shall 
each pay ? how many dollars ? 

7. A and B hire a pasture for $15 ; A's horse was in the 
pasture 7^ weeks and B*s 22|^ weeks ; what rent shall each pay ? 

■ 8. A, B, C and D freight a ship to California ; A furnishes 
$12000 worth of the cargo; B, $9000; C, $14000, and b,$ 15000; 
tliey gain $25000. "What is each one's share of the gain ? 

9. Divide $800 between A, B and C go that A shall receif • 
$2 as oflen as B receives $5 and C $d. 
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10. A, B and C hire a pastare for S52d.80 and stock it with 
horses, oxen, cows and sheep ; 6 sheep are reckoned as 1 coWj 

5 cows as 3 oxen and 5 oxen as 4 horses. ^ put in 3 horses, 

6 oxen, 8 cows and 10 sheep ; B, 2 horses, 3 oxen, 2 cows and 
40 sheep ; C, 4 horses, 5 oxen, 4 cows and 50 sheep. What 
shall each man pay ? 

11. A father proposed to divide $1000 between his two Bonfl 
ic the ratio of ^ to ^ ; what was the share of each ? 

Ans. 1st son, $400 ; 2d son, $600.- 

12. If $500 be divided between A, B and C in the proportion 
of §, 1^ and 2 J respectively, what will be the share of each ? 

13. A gentleman, dying, left two sons and a daughter, to whom 
he bequeathed $2000, $1500 and $1000 respectively ; but his 
whole estate sold for only $2700 above debts and costs of settle- 
ment. What did each child receive from the estate ? 

14. A and B form a partnership with a joint capital of $1000^ 
of which A furnishes § in cash, and B, for his share, furnishes 
100 yards of broadcloth. They gain $333.33 J. How shall the 
profits be divided ? Wha^ is tl^e price of B's doth per yard ? 



§31. COMPOUND PARTNERSHIP. 

376* Compound Partnebship 'is a partnership m ^hidi 
the shares of stock are in for unequal periods of time. 

Ex. 1. A and B trftde in company; A puts in $300 for 8 
months, and B $400 ifor 7 months. They gain $156. THiai 
part of the gain belongs to each ? Howlnany dollars ? 

A's $300 for 8m. = $2400 for Im. 
B*s $400 for 7m. = $2800 for Im. 

$5200 for Im. ; 

It 13. ,• %s though the joint stock were $5200 for I month, ^f 
which A put m $2400, and B $2800 ; hence A is entitled to 
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|JJJ = ^of thegaiii,andBtof|SJ = /j; Le. Ai intitled 
to A of S156 = S72, and B to ^^^ of S156 = S84. 

(a) The examples in this article may not only be t/olved as 
the aboTe, but aLo by proportion by the following 

Rule. — Multiply each matCs stock hy the time it t& iontitiued 
in trade ; then say, asXhe sum of aU the products is to vxch mav^i 
product, so is the total gain or loss to each man's g^n or ias^ 
respectively. 

Thus, Ex. 1, above, 

$5200 : S 2400 :: $156 : $ 7 2, A's g^^ and 
$ 5 2 : $ 2 8 : : $ 1 5 6 : $ 8 4, B's i^din. 

2. A and B traded in* company; A fumishe'^ Si 200 for 8 
months, and B $1700 for 11 months. They los; $500. What 
was the loss of each ? 

3. Jan. 1, 1853, A, B and C form a partnei .liip for 1 year, 
and each fumislies $3000 ; Mar. 1, A furnisLiS $1000 more ; 
June X, B withdraws $500, and C adds $500 ; Sept. 1, A with- 
draws $2000 and C $500, and B adds $1500 Having gained 
$4000, at the close of the year the partnership l3 dissolved. 
What is each partner's share of the gain ? 

4. A, B and C traded in company* A, at irst, put in $1000, 
B $1200 and C $1800 ; in 3 months, A put in $500 more and 
B $300, and C tooTt out $400 ; in 7 months fiom the commence- 
ment of business, A withdrew all his stock but $700, B put in 
as much as he at first put in and C withdrew ^ as much as A at 
any time had in the firm. At- the end of a year, they found they 
had gained 10 per cent, on the largest total stock at any one time 
in ti-ade. What is the total gain ? What fractional part shall 
each have ? How many dollars ? 

( A's part, if{ = $107.G3.JJ-t. 
Ans. Total gain, $440. \ B's part, = $ 

(Cspart, =$ 

Proof, = $ 
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5. A, B and C Lire a pasture for $300. A put& in 10 oxen 
for 20 weeks, 15 cows for 14 weeks, and 99 sheep for26-~weeks ; 
B puts in 7 oxen for 24 weeks, 12 .cows for 20 weeks, and G6 
sheep for 25 weeks; C puts in 25 oxen for 8 weeks, 12 cows for 
li weeks, and 33 sheep for 15 weeks. Now, if 11 sheep arc 
reckoned as 1 cow, and 3 cows as 2 oxen, what is the cost per 
week /or a' sheiep ? a cow ? an ox ? How many dollars does 
each man pay for sheep ? cows ? oxen ? What part of the rent 
does each man pay ? How many dollars ? 

Ans. Cost per week for a sheep, l^^c; a cow, 16c.,; an ox, 
24c. A pays for sheep, §37.44 ; for cows, $33.60 ; for oxen, 
$48. B pays for sheep, $24 ; for cows, $38.40 ; for oxen, $40.32. 
C pays for sheep, $7.20 ; for cows, $23.04 ; for oxen, $48, 
A pays §11 = $119.04 ;- B, J Jf = $102.72 ; C, iJi = $'8-24 



§32. TAXES. 



jSyy. A Tax is a duty levied upon the person or the pro- 
perty of individuals by the authorities of a'town, county, state, 
or other section of a country, or by the national government, to 
defray tlie expenses of government, to construct public works of 
common utility, etc 

278. The tax levied upon the person * is called the capites 
tion t or poll I tax, and is so much to each individual liable to 
pay a poll tax, without any reference to his property. 



* In Mafisaclnisetts, males 20 years ofaf^c and upward arc siiViject to pay 
»,poll tax. From this rule pauj)ers arc exempt, and ajjed and inlinn men 
lomctimes have the poll tax remitted. The payment of a poll tax is a r»> 
quisitc to the. privilege of exertising the elective franchise. 

t Capilation, from the Latin caputf die head. 

t Poll, irom the Dutch bolt tf» head. , 
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979« The method of assessing taxes is not the same m all 
its details in the different States^ but the essential principles are 
the same. 

r 

380. In Massachusetts, the assessors are required to assess 
upon the polls about one-sixth part of the^ tax to be raised, pro- 
vided the poll tax of one individual for town and county purposes, 
except highway taxes, shall not exceed $2.00 for one year.. The 
remainder of the sum to be raised is apportioned upon the tax* 
able property of the town, county or state. Hence, » 

To Assess Taxes, 

Rule. — Ascertain the number of poUs liable to taxation and 
take an inventory of the taxable properly^ Multiply the sum 
assessed upon- one poll by the number of taxabh poUs and subtract 
the product from the sum to be raised. Divide the remainder by 
the taxalle property and the quotient wiU be the tax upon $1.* 
Multiply the tax upon %1 by the taxaUe property of an indivi" 
dual ; to the product add his poU tax and the sum wiU be Ms 
tax, 

' Ex. 1. The town of A is to be taxed S5999. The real estate 
of the town is valued at $500000 and the personal at $300000. 
There are 666 taxable polls, each of which is assessed $1.50. 
"What is the tax of B, whose real estate is valued at $4000 and 
his personal property at $8000, and who pays 1 poll tax ? 

# 

$1.50 X 666 ^ $999, sum assessed on the polls. 
$5999 — $999 = $5000, sum to be. assessed on the property 
$500000 + $300000 = $800000, amount of taxable property 
$5000 -1. 800000 = 6i mills, tax on $1. 
$4000 + $8000 = $12000, B's taxable property. 
- $12000 X .006i = $75, tax on B's property. 
$75 + $1.50 = $76.50, B's entire tax, Ans. 

2. The town of F, wisliing to raise a tax of $3599.20, has real 
estate valued at $350000 and personal property worth $250000. 
There being 428 polls, each of which is assessed at $1.40« what 
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a 

C4 



fe the tax of E, whose real estate is valaed at $4000 and liis per 
flonal property at $6500, and who pays for 3 polls ? 

& A's property is valued at $5000, and he pays for 2 poUa. 
B's " " " 2400, « « 3 

Cs « «* « 3600, u u I 

. D's «* « « 1690, « « 2 

What are their respective taxes, the conditions being the sams 
as in Ex. 2 ? 

NoTB.-T-To save labor, (bj using smaller numbers,) assessors frequent! j 
take 6 per cent, of the inyentoiy of the town and of the several inhabitantSj 
instead of the entu-e valuation ; but the labor may be lessened still more bj 
taking 1 or 10 per cent. 

381« It will be mol*e convenient, in calculating a tax lisl^ 
first to form a table showing the tax on $1, $2, S3, etc, in thf 
percentage column, and then to calculate the individual taxei^i 
from the table. 

Ex. 4. The town of W, whose valuation is $666800, has 10 
taxable inhabitants, A, B, C, etc, and wishes to raise a tax c^ 
$8858. . 

The taxes of the several inhabitants are for the number* uf 
polls and the property, as in the annexed 

TABLE. 



Names. 



A 
B 
C 
D 
E 
F 

H 
I 
J 

Total 



No. 


Real 


Personal 


Polls. 
3 


Estate. 


Estate. 


$75596 


$.24404 


2 


13846 


86154 


2 


75000 




1 


18544 


41456 


2 


24692 


122358 




27650 


31500 
50000 


• 2 


15000 


20300 


1 


. 20000 


39950 


3 
16 


10125 


20225 


280458 


886347 



Total. 



$100000 
50000 
75000 
60000 
147050 
59150 
50000 
35300 
59950 
30350 



666800 



IP 

per cent 

$10000 
5000 
7500 
0000 
14705 
5915 
5000 
3530 
5995 
303 5 

66680 
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The tax upon each poll being $1.50, what are the respectiTQ 
taxes of A, B, C, etc ? 

In solving this question, first find the sum of all the poll taxes, 
($1.50 X 16 = $24,) and, having deducted this from the total 
tax, ($3358 — $24 = $3334), di\ade the remainder by the taxa- 
ble property in town, ($3334 -^ GG680 = $.05), to find the tax 
on $1 ; then form a table showing the tax on $1, $2, $3, etc ; 
thus« 

TABLE. 



$ 




$ 


$ 




$ 


$ 




$ 


1 


gives 


0.05 


40 


gives 


2.00 


700 


gives 


35.00 


.2 


(( 


0.10 


50 


u 


2.50 


800 


u 


40.00 


3 


M 


0.15* 


60 


u 


3.00 


900 


a 


45.00 


i 


U 


0.20 


70 


u 


3.50 


1000 


u 


50.00 


5 


U 


0.25 


80 


u 


4.00 


2000 


a 


100.00 


6 


U 


0.30 


90 


u 


4.50 


3000 


u 


150.00 


7 


U 


0.35 


100 


u 


5.00 


4000 


it 


200.00 


8 


a 


0.40 


200 


a 


10.00 


5000 


u 


250.00 


9 


(( 


0.45 


300 


u 


15.00 


6000 


u 


800.00 


10 


u 


0.50 


400 


u 


20.00 


7000 


u 


350.00 


20 


u 


1.00 


500 


u 


25.00 


8000 


u 


.^00.00 


80 


u 


1.50 


600 


iC 


30.00 9000 


t( 


450.00 



Now to find Ts tax from this^table : — 

Ts tax on $ 5 = $ 2 5 0. 

900= 45. 
9 0= 4.5 

5= .2 5 



u 



" $5995=$29 9.7 5 
I'^ poll tax = 1 .5 

I's total tax= $3 01.2 5. . 

In a similar manner each oiie's tax may be found. 

Ex. 5. The town of C, whose taxable property amounts to 
SlOoSQOO, wishes to raise a tax of $3184. There are 385 pollau 
each taxed $1.40. The property of 

A is valued at $33333.33^, and he pays for 2 poUa ; 
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B's is valued at $6666.66§ and he pays for 8 polls ; 
Cs « « 16666.661 « ** 1 « 

ITs « « 50000. « « 2 « 

E's « « 25000. « « 4 a 

Fs « « 75000. ** a' 2 « 

G's « « 15533.88*. « « 1 " 
WhM percentage of tax is laid upon the property and ^vhat is 
(He tax of A and of each on the list ? Ans. ^ of 1 per cent. 

A's tax $86.13* 
B's « 20.868 
Cs « etc 

383« In Connecticnty personal property is taxed just twice 
as high as real estate ; thus, if A pays $30 on a fium worth 
$4000, then B would pay $60 on $4000 at interest 

383. In Vermont, each taxable poll is reckoned. as so muidi 
property, say $200, and no separate poll tax is calculated. This 
shortens the operation of making out a tax list, and is, virtually, 
the same as in Massachusetts, 



S 33. ALLIGATION. 

384U AlCioation* treats of mixing simple substances of 
different qualities, producing a compound of some intermediate 
quality. It is of two kinds. Medial and JUemate, 

98tS« Alligation Medial is the process by which we find 
the price of the mixture, when the quantities and prices of the 
limples are given. 

Ex. 1. A merchant mixes 5 gallons of oil worth 4s. per gaL 



^AJUgationf from the Latin aXUgOf to bind or unite one thing to anoikmr t a 
me suggested by the mode of opmtion in the Unhing prooeu* 

17 
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with 4 gal at 5s., 2 gal. at lis. and 8 gaL at 12s. What is the 
value of a gallon of the mixture ? 

5 gal. at 4s. per gaL are iworth 20s. 

4 « 5s. « « 20s. 

2 « lis. « « 223. . 

8 « 12s. « « 863. 

.'. 14 gaL are worth 98s. 

and 1 gaL is worth <^ of 98s. = 7s., Ans^ 

All examples of this nature are solved on this plan, ncnce. 

Rule. — Divide the total value of the articles mixed hy the 
sum of the simples^ and the quotient is the price of one. 

Ex. 2. A miller mixes 75 bushels of com worth $1.05 per 
bush, with 25bush. barlej at $1.20, 5bush. rye at $1.50 and 
20bush. wheat at $2 ; what is the value of a bushel of the mix- 
ture ? Ans. $1.25. 

8. A grocer mixes 51b. sugar worth 4c per lb. with 41b. at 
6c, 21b. at 9c, 21b. at lie and 41b. at 13c ; what is a pound of 
the mixture worth ? 

4. If I mix 281b. of spice worth 12c per lb. with 71b. at 20c, 
Sib. at 25c, 81b. at 38c, 131b. at 40c and 211b. at 56c ; what i» 
a pound of the mixture worth ? 

SS9* Alligation Altebnate is the process of mixing 
quantities of different prices so as to obtain a mixtux!^ of a re- 
quired intermediate price. * * 

There are three problei 



ftS7m Prob. 1. — ^The prices of several kinds of goods being 
given to ascertain how much of each kind may b^ taken to form 
A compoimd of a proposed medium price. 

^.x. 1. A farmer wishes to mix oats worth 30c per bush. wUb 
barley worth 45c, so as to make a mixture "virorth 42c ; how 
many bushels of each may he take ? 

There are several ways of solving this questiop 
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(a) It is evident that he must mix them in such proportions 
85 to gain just as much on his oats as he loses on the barley 
Kow, he gains 12c. on Ibusli. of oats and loses but 3e. on Ibush 
Df barley ; .*., for each bushel of oats he must take 4 bushels of 
tuirlej. 

8ECOXD ItSTHOD. 

(b) .« f 30-1 3 — 12c X 9 = —36c, deficiency. 
^ ^ 1 45-* 12 + 3c X 12 = +36c, surplus. 

Having written the prices of the oats and barley in a vertical 
column and the price of the mixture at the left, as above, wo 
write the difference between the mean price (i. e. the price of 
the mixture) and the price of the oats against the price of the 
barley, and the difference between the mean price and that of 
the barley against the price of the oats, and the differences stimd- 
uig against the prices of the oats and barley, respectively, will 
represent the proportional quantities of oats and barley to be 
takea ; for it will be seen that the product of the deficiency in 
the value of a bushel of oats multiplied by the number of bushels 
of oats ( — 1 2c X 3 = — 86c) is necessarily equal to the pro- 
duct of the surplus in the value of a bushel of barley multiplied 
by the number of bushels of barley (4- 3c X 12 = -|-36c), 
since the two products are composed of the same eactobs ; and, 
one representing a deficiency and the other a surplus, they wiU 
balance each other. 

In the same manner, any number of pairs of simples may be 
made to balance, as in Ex. 2, 2d metho(}, the price of one simple 
In each pair being less and that of the other greater than th« 
mean price. 

In performing the operation, the terms are connected together 
by a line merely for convenience of reference in comparing 
Uicnu 

. 388* Any multiples or sub-multiples of these numbers will 
be of the same value per bushel 
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Er. 2. I liave oats at 40c. per bush., bariej at 47c.9 com m 
95c. and rye at 98c ; how may I mix them so as to maica a 
nixtore worth 75c per bushel? 



1 bosh. oatSy — 85c 
1 « barley, —28c 

Deficiency, 
com, -|-20c 
rye, 4"43c 



— 68c 



1 « 

1«« 



Surplus, -{"^^ 



1 bushel of oats giTee 
a deficiency of 85c and 
1 of barley of 28c ; 1 
bushel of com gives a 
surplus of 20c, which 
partially cancels the de- 
ficiencies, but still leaves 
a deficiency of 48c ; 



now, Ibush. of rye gives a surplus of 28c ; .*• Iff bush, of rye 
trill balance the deficiency of 48c and the mixture will be worth 
75c per busheL 

389* This mode of analyzing is liable to fail if we.take the 
prices in regular order, beginning with the lowest ; thus, had 
the prices of the seyeral kinds of gndn been as in Ex. 2, and 
the price of the mixture 50c, then it will be seen that, having 
taken Ibush. each of oats, barley and com, we cannot restore the 

balance by putting in rye, for the 
mixture is already of too high a 
price (the surplus, 45c, being 
greater than the deficiency, 18c), 
and adding rye will increase the 
price ; however, in this example, we may begin with the highest 
price, and so remove the difficulty, and in every example we 
may begin with the lowest or with the highest price, and obtain 
a correct result 

8B0OKD MBTHOD. 

—85c X 28 = —805c 

-28c X 20 = -560c _^^^^^ 

4-20c X 28 = -j-560c 

+28c X 85 = +805c -|-1865c 



Ibush. oats, 
Ibush. barley, 

Defidency^ 
Ibush. com, 



—10c 
— 8c 

—18c 
+45c 



bnsh. 
r40— ,28 

98— J 



20 
28 
85 



Each pair of these products, viz. the 1st and 4th, and ^e Sd 
and 8d, will necessarily balance ; for they are composed of Urn 
•▲MS FAOTOBB, and one is -f- and the other — b 
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300* There evidentlj may be as inanj independent answer^ 
all correct^ as there are different ways of pairing the simples » 
and, by taking multiples and sub-multiples of these, the results 
may be yaried indefinitelj, so that there maj be an infinite 
number of answers to one question. 

Among other methods, the 2d example may have the foUowipg 
solutions, and each solution may be proved oonect by AJUgaHcm 
MediaL 

- f40-, 20 at 40c r40q — I 20 + 28 = 43 at iOe 

yg I 47J^ 23 « 47c 75J47J-, 23 « 47c 

'®i 95J 85 « 95c ^®i 95-J4J 85 « 95e 

[98 — I 28" 98c [98^ 85 + 28 = 68 « 98ft 

20 at 40c 
20 + 23 = 43 « 47c 
85 -I- 28 = 68 <" 95c 

28 "^^ 98c 

From iJiese illustrations, 

Bulb. -* Write the prieee of the eeverai nrnplet in a vertieai 
sokimn; on the lefty separated hy a Une^ write the proposed 
medium price ; connect^ hy a Une^ each price that is less than the 
medium with one or more that is greater j and each that is greater 
with one or more that is less ; write the difference between the 
medium price and the price of each single against the numbef 
or numiers with which the simple is connected; these differences^ 
or their sum if two or mare stand against one pricCy wiU be the 
proportional parts of the several singles which mag be taken to 
form the mixture^ 

301* To the mathemalidan there is something satisfying Id 
the analytic process, and something pledising in the balancing of 
deficiencies and excesses by the linking process; but, for the 
merchant's convenience, there is yet another mode, which may^ 
widi propriety, be denominated the Yankee Method^ viz. toat of 
guessing at the quantities. of the several simples, and theoy bj 
eaLsolation, adjusting the guess. 

17« 
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To illustrate, let us resume Ex. 2. 



cts. 
75^ 



cts. 



cts. bush. cts. cts. 

f 40 5 X —35 = —175 

Z 6 X +20 = 4-120- 

l^^ 4X+23 = -f 92 ,^,^ - 

-' — +212, surplus. 

bnsh. cts. — 187, deficiency. 
Add rye, 9 X +23 = +207, surplus. 

+20, surplus. 
Subtract com, — 1 X +20 = — 20, deficiency. 



Having assumed 6 bushels of oats, 8 of barley, 6 of com and 4 
of ry6, we find the mixture is not worth so much us it should be 
by $1.87. Now, this may be remedied by putting in more of the 
higher priced grains or less of the cheaper. If we add 9bush. 
more of the rye, this will balance the deficiency and. create a sur- 
plus of 20cts. and tliis may be corrected by taking out Ibush* of 
com. There will now be in the mixture 5bush. of oats, 8 of 
barley, 5 of cowi and 13 of rye. 

Bemakk. — The deficiencies are marked by the gign — and 
the excesses by + to aid the mind in making corrections. 

KoTE. — This mode of correcting may be indefinitely varied, henco tho 
merchant may take the simples in a ratio more nearly as he desires than by 
either of the other modes. 

303. Let the pupil solve the following examples by each of 
the three modes and prove them : — 

3. A merchant has 4 "kinds of oil worth 3s., 5s., 10s. and 13s. 
per gallon. What quantities of each may he take to make a 
mixture worth 7s. per gallon ? 

4. A grocer wishes to mix teas worth 20c., 28c., 33c., 47c. 
and 60c. so that the compound may be worth 38c per pound* 
How many pounds of each may he take^ 
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5. A grocer wishes to mix water of no exchangeable valae 
with wines worth $1.50, 11.80 and $2 per gallon. How many 
gallons of each may he take to make a mixture worth $1.60 per 
gallon ? 

6. A grocer has spices worth 4, 7, 11, 15 and 20 cents per lb. 
How many pounds of each may l^e take to make a mixture woi*th 
12 cents per lb. ? 

393* Prob. 2. — ^The price of each of the simples, the price 
of the compound and the quantity of one kind being given, to 
find how much of each of the other simples may b^ taken, 

Rule. — Find the proportional parts as in the preceding case; 
then say, as the proportional part of that simple whose quantity 
is given is to the given quantity, so is each of the other proper^ 
tional parts to the required quantity of each of the other simples^ 
severaHy: 

Or, having found the proportional parts, the question may he 
analyzed, 

Ex. 1. How many pounds of sugar at 4, 6, 9 and 10c. per lb. 
may be mixed witli 121b. at 13c so as to make a compound worth 
8c. per lb. ? 

If we connect the prices as in 

the margin, we obtain 5, 3, 2, 2 

^ u-|-i A -p X — c» and 41b. for the proportional 

8*^ 9-1 2 parts. Now if the 41b. at 13c 

be increased in a 3 fold ratio, it 
will become 1 21b., the given quaiv^ 
tity, and if each of the other 
proportional parts be increased in the same ratio, evidently the 
price per lb. of the mixture will remain unaltered ; hence, 
41b. at 13c : 121b. at 13c : : 51b. at 4c : 151b. at 4c 
41b. at 13c : l21b. at 13c : : 31b. at 6c : 91b. at 6c 
etc etc 

Ans. 15, 9, 6 and 61b. at 4, 6, 9 and 10c 

Ex. 2. How many gallons of wine at 6, 9 and 153. per gaL 
may be mixed with 40gal. of water to make a compound worth 
10s. per. gal. ? 



cts. lbs. 

r 4 — , 5 


6-n 
9-J 


2 + 1 — 3 
2 


10 


• 2 


13 


J 4 
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8. How many gallons of molasses at 20, 25 and 88c per gaL 
may be mixed with 68gaL at 50c. to make a ocmpound wortB 
80c. per gaL ? 

4. How many pounds of wool at 2i, 80 and 40c. per lb. may 
be mixed with 1001b. at 50c to form a mixture worth ?7c per 
lb.? 

5. How many ounces of gold that is 16^ 18 and 22 carats Sne 
may be mixed with 15oz. that is 24 carats fine to form a mixture 
21 carats fine ? 

3941* P|tOB. 8^— The prices of the several simples, the price 
of the compound and the entire quantity in the compound being 
given, to find how much of each simple may be taken, 

Rule. — Nnd the proportional parts as in Prob. 1 ; then say^ 
as the sum of the proportional parts is to the whole eompoviady so 
is each of the proportional parts to the required qudntily of 
each. 

Or, cmalyze. 

Ex. 1. I have 4 kinds of coffee, worth 8, 11, 14 and 20c per 
pound ; how many poimds of each may I take to form a oom- 
poilnd of 601b. at 18c per lb. ? 

Ans. 28» 4, 8 and 20Ib. at 8, 11, 14 and 20c 



g" 



CtB. 

18 



CtB. lbs. 
8— ,7 



1J3 

20-J5 



1 
2 



15 : 601b. : : 71b. : 281b. at 8c 
15 : 601b. : : lib. : 41b. at lie 
etc etc 

We find that the sum of the proportional parts, if linked 
above, is 151b., and if this be quadrupled, 601b., the required 
compound, will be obtained r but the whole compound will be 
quadrupled by increasing each of the proportional parts in a four 
fold ratio. 
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2. A merchant has spices, worth 25, 31, 40, 42, 45, 50 and 
70c. per lb. ; how many pounds of each may he take to form a 
compound of 3001b. at 37^c. per lb. ? 

. 3. A merchant mixes water with wines, worth 75, 90, 100 
and 124c. per gai. so as to make a mixture of 3000gaL worth 
$1.08 per gal. ; how many gal. of each may he lake? 

4.*A drover has sheep, worth 9, 10, 15, 18 and 24s. each 
how many of each may he take to form, a flock of 160 sheep 
worth 1 6s. each ? 

5. How many ounces of gold that is 18, 20, 23 and 24 carats 
tine, may be taken to form a mass of 30 ounces, that shall be 21 
carats fine ? 



§34. SINGLE POSITION. 

30S« Single Position is ft method of solving an analyti- 
cal question by assuming a number and working with it as though 
it were the true 'answer to the question. 

300. Rule. — Assume any number and proceed with it ao 
cording to the conditions of the question ; then say, as the result 
obtained is to the result given in the question, so is the assumed 
number to the required number. 

Ex. 1. What number is that, which, being increased by ^ and 
J of itself, the sum will be 44 ? 

Assume 6 Had we assumed 

Add -^ of 6 = 3 • 24, the true number, 

Also ^ of 6 == 2 our result would have 

Rpsiilt IT • 44 •• 6 • 24 Ans ^^^^ ^'*' whereas it is 

itesult, 11 . 44 . . b . ^4, Ans. ^^j^ J J . however, 

wc have pcirformed the same operations on 6 to obtain 11, thai 
we should have performed on 24 to obtain 44 ; .*. the prop'"*' 
tion, 1 1 : 44 : : 6 : 4th term, must give the number sought. 
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All examples in Single Position may be very easily analyzed i 
tihuB in Ex. 1^ the number sought is f of itself; ^ the number is 
I and ^ is }; now f -}-f-f-f = ^jLe.44i8 y of the number. 
If 44 is y of the number, then ^of44is ^;^of44is4) 
and if 4 is ^y then (, or the whole number, is 6 times 4=s24» 
Ans. as before. 

Let the learner solve the following examples both by Analj* 
sis and Position : — 

2. Divide 540 into 8 such parts that ^ of the first, ^ of the 
second and ^ of the third shall be equal to each other. . 

BT POSITION. 

^enll-lt^ Tlioughit isrightto 

and 40 = 8d « " assume any number what- 

ouu ^ t/*x ^ ^^^j,^ y^j. j^ ^ usually 

90 : 540 : : 20 : ISO, Ist part more convenient to as- 
90 : 540 : : 30 : 180, 2d <" sume such numbers as 
90: 540: :40:240,3d « wiU avoid fractions. 

Proo^540. 

BT ANALYSIS. 

Hie smaller number is f of itself, and, by the nature of the 
question, the 2d number is } of the 1st and the 3d is $ of the 
Ist; .-. 540is 9-|^}-f-^=:|of the 1st; if 540 is |, then ^ of 
540 is ^ ; ^ of 540 is 60, and if 60 is ^ of the Ist number, then 
f , or the whole, is twice 60 = 120, 1st number. 

3. A teacher, being asked how many scholars he had, replied, 
if I had as many more, ^ and ^ as ijf^j more and 36^ sdiolars, 
I should have 300 ; how many had he ? Ans. 93. 

4. A and B have the same income ; A saves ^ of his, but B, 
by spending twice as much as A, at the end of 4 years, finds 
himself $480 in debt; what is the annual income of each ? 

Ans. $360. 

5. A man, being asked his age, replied, if } of the years I 
htive lived be multiplied by 9 and | of them be subtracted from 
the product, the remainder vdll be 150. How old was he ? 
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6. Seven eighths of a certain number exceed ^ of the sanio 
bj 81 ; what is the number ? Ans. 120. 

7. A man lent a sum of monej at 6 per cent., compound in- 
teresty and at the end of 3 years received the amount, $11910.16 ; 
what was Uie interest ? 

8. A gentleman bought a chaise, horse and harness for $470 1 
Um horse cost { as mudr as the harness and the chaise f as modi 
AS the horse ; what was the price of each ? 



I 85, DOUBLE POSITION. 

397* Double Position is a method of solving an analjtl* 
eal question bj assuming two numbers and working with each as 
though it were the true answer to the question. 

S98* BuLE. — Assume any two numbers and proceed wUk 
tack €U the conditions of the questian require ; compare each rv- 
Mt with the result given in the question and caU each difference 
an error ; multiply the 1st assumed number by the 2d error and 
ihe 2d assumed numbisr by the 1st error ; then if both assumed 
numbers are too great or both too small, divide the difference of 
the products by the difference of the errors; but, if one assumed 
number is too great and- the other too smaU, divide the sum of the 
products by the sum of the errors ; in either case, the quotient 
wiU be the number sought, 

Ex. 1. A gentleman, having a sum of moaej, spent $100 
more than ^ of it and had remaining $35 more than ^ of it ; bow 
nuch had he at first? 

Suppose, Ist, he had ^1000, then, 

' $100 more than ^ of it = $800 = the sum spent, 

and $700 r= sum remaining ; 

but $85 more than ^ of it = $535, 

.% -f- ^165 =7 in error. 



% 
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Sa]ipose, 2d, he had $1500, then, 

$100 more than ^ of it = $400 = the sem qufaaL 

and. $1100 = the sum left; 

but $35 more than } of it = $785, 

.•. + $315 = 2(1 error. 

$1000 X 315 = $315000, i. e. 1st assumed Na X 2d er»nf 
$1500 X 165 = $247500 , i. e. 2d assumed No. X 1st error. 

$67500 -1- 150 = $450, Aps.; 

i. e. the difference of the products divided by the difference oi 
the errors gives $450, the answer. 

Remark. — ^This rule is applicable to all examples that can b^ 
solved by Single Position, and also to very many problems usu- 
ally solved by Algebra. It is founded on the supposition thai 
the 1st error is to the 2d error as the difference between ih^ 
true and 1st supposed number is to the difference between the 
true and 2d supposed number. When this proportion does not 
hold, tlie problem cannot be solved directly by the rule.* 

Note — ^Lct the pupil solve the following examples, both by Position and 
Analysis. 



♦ Aloerraic Demonstration op the Rule. — Having assun^ed 
the nuni))ers a and b, and performed on them the operations required by the 
conditions of the example, let the results be represented by ^ and /?, whereas, 
if we had assumed the true number, x, we should have obtained N, the 
result jriven in "c example. , 

Now let N— 4 = r, the 1st error, and 
^ N — f3 =s Sf the 2d error ; 

Then by the proportion in Art. 298, Remark, 

We have r : s n x — a : x — b 

Reducing to an equation, rx — rh = sx — sa 

Transposing, rx — sx = rb — sa 

x\. .J. , rb — sa 

Dividmg by r — «, x = 

r — s 

Had r and s both been negathey the value of x would not hare bees 

changed. Had r ou .s^bcen negative, the proportion would have taken one 

of tv/o following forms, — r : s : : x — a x — 6, or r : — s : : x — a : x — ?, 

either of whicrh, reduced, will give x e: — "^ — ; and these values of • 

r -f-« 

agree witb^the epunciap'on of the nile. 
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2. A and B have the same income ; A saves i of his, but B, 
by spending £30 per annum more than A, at the end of 8 years 
finds himself £40 in debt. What is their annual income? 

Ans. £200 each. 

3. A wine dealer bought 2 casks of porter, one of which held 
3 times as much as th^ other; from each of these he drew 4gal., 
-when 4 times as many gal. remained in the one as in the othet; 
Hequired the number of gal. in each. Ans. 12 and 36. 

4. A and B have the same income ; A saves ^ of his, but 3, 
by spending $200 per annum more than A, finds liimself in debt. 
At the end of 5 years, A lends to B enough to pay his debt and 
has $250 lefl. What is the annual income of each ? 

5. What number is that which, being divided by 7, and the 
quotient dimuiished by 10, 3 times the remainder shall be 24 ? 

Ans. 126. 

6. There is a fish whose head weighs 14 pounds, his tail 
weighs as much as his head and ^q as much as his body, and his 
body weighs as much as his head and taiL What is the weight 
of the fish ? Ans. 801b.' 

7. A man hired a laborer for 50 days, on condition that for 
every day he worked he should receive $1.50 and for eveiy day 
he was absent he should forfeit $1.75. At the expiration of the 
time he received $42.50. How many days was he absent ? 

Ans. 10. 

8. A drover bought a number of horses, oxen and cows for 
$2640. For every horse he paid $50, for each ox f as much as 
for a horse, and for each cow J as much as for a horse. There 
were 3 times as many oxen as horses, and twice as many cows as 
oxen. How many were there of each ? 

9. A gentleman has 2 horses and a saddle. The saddle is worth 
J as much as the 1st horse, and if it be put on the 1st horse, 
they together will be worth .3 as much as the 2d horse. If the 
saddle be put on the 2d horse they will be worth 3 times as much 
AS the 1st horse plus $50. What is the value of the 2d horse ? 

18 
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§86. INVOLUTION AND POWERS. 

S90* If a number is multiplied by itself, the product is called 

• power; thus, 

8x3= 9, the 2d power, or square of 8. 
3 X 8 X 8 = 27, the 8d power, or cube of 8. 
8X8X8X8= 81, the 4th power, or biquadrate of & 

• X8X3X8X8 = 248, the 5th power of 8. 

etc etc 

Again, 10 X 10 = 100, the square of 10.. 

10 X 10 X 10 = 1000, the cube of 10. 
10 X 10 X 10 X 10 = 10000, the 4th power of 10. 
10 X 10 X 10 X 10 X 10 = 100000, the 5th power of 10. 
etc etc 

The number which is multiplied by itself is the 1st power; it 
is. also the root of the other powers (94, b. Note 5). 

300. The process of multiplying a number by itself, L c^ 
raising it to aiiy required power, is called iNYOLUtiON. 

301* Instead of actually performing the multiplication, wb 
may indicate the power by placing an exponent or index at the 
right and a little above Uie root (94, b. Note 2) ; thus, 

4 X 4 is written 4^, and is read, the square of 4, or 2d power of 4. 
4 X 4 X 4 is written 4' and is read, the cube of 4, or 3d power of 4« 

etc etc 

303. The exponent shows how many times the root is taken 
as a &ctor. Hence, 

To involve a number to any required power. 

Rule 1. — Write ike index of the power over the root; or, 

Rule 2. — Multiply the number hy itself and (if a highet 
power than the second is required) muMply this product hy the 
original number and so on until the root has been taken as a/eie- 
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ior a» numy times €U there are units in the index of the required 
power. ^ 

NoTB. — These mles are applicable to eyerj example that can occur flo 
Inyolatioii ; bat their implication may be profitably modified in particalar 



303» If we involye by Rule 2, the number of multiplicatioiui 
18 always one less than the number of units in the index of the 
power; thus, one multiplication gives the second power, two 
multiplications give the third power, etc 

We may, however, more readily obtain a high power by omit- 
ting tfome of the intermediate powers ; Urns, 3^ X 3' = 3^ =^ 81, 

for3*X3* = r>r3x8>r8 = 3x8x8x8 = 8*; bo also 
a«X 8«= «» = 243, for 3« X 8* = 8xl X 8^<Tx8 = 3 X 
8X8X3x8=8' » <uid, ffeneraUy, if any two or more powen 
of the same number be multiplied together, the product will be 
thai power of the root indicated hj the sum of the exponents of 
ttie Actors. 

304L* The principle in 808 leads directly to the following :— 
To involve a quantity that is already a power, 

BvLE. — Multiply the index of the given number hy the indsM 
ef the power to which it is to he raised 

Thus, the 3d power of 2* is 2», for 2* = 2 X 2, and the 8d 

power of 2 X 2is 23^2 X 23<^ X 2 X~2 = 2 X 2 X 2 X 2 X 
2 X 2 = 2« = 64. 

Again, the 5th p.)wer of 4« is 4» = 1073741824 ; etc 

30tl. A vulgar fraction is involved by involving the numer- 
ator and denominator separately (127 Rule). 

Before involving, the fraction ' should be reduced to its sim- 
plest form; thus, 

2« 

the 8d power of I is (!)•=(§)• = g3=r^;etc 

SOff* The number of decimal places in the power of a 
Incunal fraction is equal to the number of decimal place* in th# 
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root multiplied by the index of the power (156, Rule) ; thas, 
the 3.d power of .12 will contain 6 decimal places ; for, .12 X -12 
= .0144 and .0144 X .12 = .001728 ; L e. .12'=. 001728; etc- 

|S07* All the powers of 1 are 1 ; for the continued product 
of any number of l*s is 1. 

The powers of a number greater than unity, are greater than 
the root and the powers of a proper fraction are less than the 
root ; thus, 33 = 9 > 3 ; (^)« =r i|4 > f ; etc., but (5)^ = 
t<§;(ir = T^A<iretc,etc 

308* To divide a power of any number liy any other power 
of the same number, we have only to subtract the index of the 
divisor from that of the dividend ; thus, 5^ -u 5*= 5*, for 5' -i- 5* 

300« The product of two numbers cannot consist of more 
figures than there are in the two factors, counted together, nor 
of less than that number minus one ; thus, take the largest 
numbers that can be expressed by 2 and by 3 figures, viz., 99 and 
999. Now, since 999 X 99 is less than 999 X 100, and 999 X 
100 (= 99900) contains only as many figures as are in 999 and 
99, it is evident that the product of 999 X 99> or of any other 
two numbers consisting of but 2 and 3 figures, cannot have more 
than 5 figures ; i. e. it cannot have more than the number of fig- 
ures in the two factors. 

Again, take the smallest numbers that can be expressed by 2 
and by 3 figures, viz., 10 and 100 ; then 100 X 10 = 1000, and 
the product of any other two numbers expressed by 2 and 3 
figures will be greater than 1000 ; but 1000 has only one figure 
less than 10 and 100 counted together, i. e. only one figure less 
than ars in the two factors. 

Like illustrations may be made with any two numbers ; / the 
inili of this article is evident. 

310« An important application of this principle is, that the ' 
tquare of a number will alwajs c(»iaist of itpice as mai^ figures 
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m the root or of one less than twice as many ; the cube of a num- 
ber will consist of three times as many as the root or of one of 
iwo less than three tnnes as many ; etc 

311* The square of units cannot consist of a higher order 
<^ figures than tensy for the square of 9, the largest unit's figursi 
is t>ut 81, a number consisting of no higher order of figures than 
tens. Again, the square of tens can consist of no higher order 
than thousands and no lower than hundreds, for the square of 90 
is 8100 and the square of 10 is 100 ; i. e. the square of 9 tens 
gives no higher figure than thousands, and the square of 1 ten 
gives no lower significant figure than hundreds. 

In like manner we might show to what orders of figures the 
squares of hundreds, thousands, etc, would belong ; also to what 
orders the cubes, biquadrates, etc of units, tens, hundreds, etc, 
irould belong. 

31SI» ExAMPLBs IN Powers. 

1. What is the dd power of 5 ? 

Ans. 5« = 5 X 5 X 6 = 195. 
9. What is the 6th power of 6 ? 
B. What is the product of 6^ multiplied by 6' ? 
4 What is the product of 3* X 83 ? 

5. What is the 8d power of ^ ? Ans. -g^^ 

6. What is the square of 8^ ? 

7. What is the cube of J ? 

8. What is the square of .25 ? Ans. .069&. 

9. What is the cube of .006 ? 

10. What is the 6th power of 1 ? 

11. What is the quotient of 7* -^ 7^? Ana. 49. 

12. What is the quotient of 9« -^ 9«? 
18. What is the quotient of 10" ^ 10" ? 

14. How many figures are there in the cube of 99 ? Ana. ft 

15. How many figures are there in the cube of 40 ? 

16. How many figures are there in the cube of 12 ? 

17. How many figures are there in, the 5th power of 99 ? 

18. How many figures are there in the 5th power of 10 ? 

18* 



210 



ETOLtnnoir. 



A TABLE OF POWEKS. 
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§37. EVOLUTION. 

313. Evolution is the reverse of Involution. 

In Involution, the root is given and the power required. 

In Evolution, the power is given and the root required. 

31 4« A root of a number is one of the equal factors whose 
continued product is that number (94, b, Note 1). 

T]ie number of times the root is to be taken as a factor de- 
pends upon the name of the root. 

The square root of a number is one of its two equal factors ; 
the cube root is one of its three equal factors ; etc. ; thus, the 
square root of 64 is 8, for 8 X 8 = 64 ; the cube root of 64 la 
4, for 4 X 4 X 4 = 64 ; the sixth root of 64 is 2, for 2 X 2 
X2X2X2X2 = 64 

31 S* Powers and roots are correlative terms ; i. e. if one 
number is the square of ariother, then the latter is fiecessariljf 
the square root of the foi-mer ; thus, if 9 is the square of 3, then 
8 must be the square root of 9. 

310* There are two methods of indicafinq a root, — one by 
means of the radical sign, y/ , and the other b j means of a frtko* 
tional index <94, b, Notes 3 and 4). 
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The figure placed over the radical sign is • the index of the 
root, and is always the same as the denominator of the fractional 
index. If no number is over the radical sign, 2 is understood. 

317. Evolution or Extracting Roots is the resolving 
of a quantity into as many equal factors as there are units in 
the index of the root. 

318* As we involve a number by multiplying its index by 
the number denoting the power (304), so we evolve a number by 
dividing its index by the number denoting the root ; thus,' the 
square root of 8« is 8« -«■ a = 8«, for 8« X 8« = 8» >^ ^ = 8«; 
the cube root of ^12 is 6^^ -«: 3 = 6*, for 6* X 6* X 6* = 6* ^ • 
= 6^^ ; etc. Following out Hiis principle, ('^hich is universal,) 
we introduce fractional indices; thus, the square root of 4,,i. e« 
4*j is 4* =1 2 ; the cube root of 64, i. e. 64*, is 64* = 4 ; eta 

31 0« In like manner, we may indicate- a power and a root 

s 

at the same time ; thus, the square root of 4' is 4^ In this and 
aU similar expressions, the numerator of the index indicates a 
power and the denominator indicates a root, and it is immaterial 
which is read first, the power or the root ; for avy power of any 
r0ot of any number is equal to the same root of the same power 
of the same number ; thus, 8* ia the square of the cube root of 8 
or it is the cube root of the square of 8, and either result is 4. 

330* We may also indicate a power and a root at the same 
time by means of an index and a radical sign ; thus, '\/85 = 
82, is the 5th power of the cube root of 8 or it is the cube root 
of the 5th power of 8 ; \/16' = 64 is the cube of the square root 
of 16 or it is the square root of the cube of 16 ; etc. 

331* AU numbers can be involved to any required power, 
but comparatively yet^7 can be evolved. There are but 9 integral 
numbers less than 100 that ai*e perfect squares and but 4 that are 
perfect cabes. 

Those numbers which can have their roots extracted are called 
p^fect powers aud their roots are rational numbers. Nuinberi 
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whose roots cannot be taken are caDed imperfect powers and 
their roots are irraiionaly radieal or surd numbers; the term 
radical^ however, for convenience, is applied to all quantities- 
standing under a radical sign or fractional index, whether their 
roots can or cannot be taken. 

A number maj be a perfect power of one name or degree and 
an imperfect power of another; thus, 16 is a perfect square but 
an imperfect cube, whereas 27 is a perfect cube but an imperfect 
square ; again, 64 is a perfect square, cube and sixth power. 

333« Every root of 1 is 1. There is no other number whose 
powers and roots ar« aU alike. 

The roots of a proper fracticm are greater than the fraction and 
the roots of an j number greater than unity aro less than the 
number; thus, v'J = f > f; Vfi = i >iii bat Vlt = 
»<«; •\/125 = 5 < 125 ; etc. 
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333. To EXTRACT THS SQUABS BOOT of a number is is 
res^he it into two equal factors^ i. e, to find a numher whieh^ 
multiplied into itself ^ will produce the given number, 

834* The square of a number always consists of tunce at 
many figures as the root, or of one less than twice as many 
(310) ; conversely, then, thero will be one figuro in the root iot 
each two figures in the square ; and if there is an odd figure in 
the square, there will be yet another figure in the root for that 
odd figure in the square. 

33<l. Again, the square of units can consist of no highei 
order of figures than tensy and the square of tens of no lowet 
order than hundreds (3X1) ; .-., if a number consists of 3 or 4 
figures, its square root must consist of 2 figures, tens and unitsy 
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and we must look for the square of the tens in the Sd or in tfai 
8d and 4th places of the power. 

336* Let us now take an example and 6ee if we can disooY- 
er an J principles to guide us in extracting the square root of a 

number. 

• 

£xi 1. How laige a square floor can be laid with 576 squaio 
feet of boards? 

If we kne^the length and breadth of a floor, we should find 

Its area bj multiplying the length by the breadth, (75), or, in 

this example, (since length and breadth are equal,) by multipl j« 

'ing the length by itself. But we are now to reverse this proceUf 

andf knowing the areOy to find the length of one side. 

Since the number, 576, ccmsists of three figures, its root will 
consist ci two (324), tens and unitSy and the square of the tens 
must be found in the 5 (hundreds) (325). 

OPBBATION. 

5 7 6 (2 4 Now the square of 2 (tens) is 4 

4 (hundreds) and the square of 8 (tens^ 

4 4") 17 6 ^ ^ (hundreds) ; and, as 5 (hundreds) 

ll a is less than 9 (hundreds) there can be 

but 2 (tens) in the root Let us now 

^ ' construct a square, Fig. I, each side 

of which shall be 2 teiis (= 20 fe^t) in length. The area of 
this square is 20 X ^0 = 400 square feet, which, deducted from 
p. ^ 576 feet, will leave 176 square 

^^' * — feet to be used in enlarging the 

floor. To preserve the square 
form, this addition must be made 
upon 2 or 4 sides of the floor ; 
for convenience we will make 
it upon 2 sides, as in Fig. 2. 
From the nature of the case, 
the 2 additions, hm and cry are 



i 



20 
20 



4 sq. ft 



T of a uniform breadth; and, if 

20 feet their length were known,- we could 

determine their breadth by divid- 
lag theur aiea, 176 feet, by their length (75, a). But we d^ 
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know 
(tens 



r 

d 



S 



IL 



Fig; 2. 



n 



20 
_4 

8 sq.ft. 



20 
20 

400 



4 
4 

16 sq.ft. 



20 

80 sq. ft. 



m 



h 



flie lenjrth of hh + cr, viz., twice the tens of the root =r. 4 
or 40 ft.), and this is sulliciently near to the wliole length 

of the additions, to 
serve as a trial divisor, 
Now 176 4- 40, or, 
what is the same in ef- 
fect, 17-7-4, gives 4 
ft. for tlie breadth of 
the addition, and llu8 
added to the trial divi" 
sor, 40, or annexed to 
the 4 (tens) will give 
44, the whole length 
of bm -j- cr, the trr^ 
divisor. And 44 X 4 
= 176 ; i. e. the length 
of the addition multi- 
plied by its breadth 
gives its area. 



!^ 



20 feet. 



b 4ft. 



It will be seen that every foot of board is used and the floof 
is in a square form, each side of which is 20 -{- '4 = 24 fL long 
.% the problem is solved. 

337. The same species of reasoniru; applies, however max^ 
figures there may be in the root. Hence, 

To Extract the Square Root of a number, 

Rule. — 1- Separate the given number into periods of twi 
figures each, by placing a dot over units, hundreds, etc. 

2. Find the greatest square in the left hand period and set %if 
root at the right, in the place of a quotient in long division. 

3. Stibiract the square of this root-figure from the left hand 
period, and to the remainder, annex the next period for a divi^ 
dencL 

4. Double the root already found for a trial divisor, and, 
omitting the right hand figure of the dividend, divide and s^ 1)^ 
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quotient as the next figure of the root and also at the right of 
the trial divisor, and so form the true divisor. 

5. Midtipiy the true divisor hg this new figme of the root and 
subtract the product from the dividend. 

6. To the remainder annex the next period for a new dividend. 

andj having doubled the part of the root already found for i 

trial divisor^ proceed as before until aU the periods have been em 
ployed. 

Note 1. — The left hand period may consist^ of but one fig^ore. 

N^TE 2. — The trial dirisor being smaller than the true divisor, the quo- 
tieDt irtroquently too large, and a smaller number must be set in the root, Thia 
usually occurs when the addition to the square, a c, is wide, and, conse- 
quently, the square, h n, large ; or, in other words, when the trial divisor if 
znuch less than the true divisor. 

338* Proof. — Add the four parts of the square together; 

a c = 400 
bh=z SO 
c r = 80 
/*»= 16 

a m = 576, tlie area of the square. 

2d Mode of Proof. — Square the root; thus, 24 X 24 = 
676, the area, as before. 

Ex. 2. What is the square root of 67081 ? 

• • • 

6 7 81(259, Ans. In this example, the lefi 

4 hand period consists of bufr 

45) 27'0 ^^^ figure. So, also, the 

22 5 !™^ divisor, 4, is contained 

in 27 six times; and the 2d 

509) 4581 remainder, 45, equals tlie 

^^ Q ^ divisor ; still, the true root 

Q figure is but 5. 

& What is the square root of 42016324? 
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42016824(6482, Ans. 
86 



124)601 
496 



1388)10563 
10804 



12962)25924 
25924 



4. What is the Bqoaie root of 580644? Ans. 76SL 

5. ^679616 =how manj? Ans. 1296. 
' 6. What is the square root of 15625 ? Ans. 125. 

7. What is the square root of 890625? Ans. 625. 

& What is the square root of 9765625 ? Ans. 8125. 

9. What is the square root of 1078741824 ? Ans. 327^8. 

10. 119550669121* =? Ans. 845761. 

11. What is the square root of 59048912180241 ? 

Ans. 7684329. 
li. What is the square root <^ 16777216? 

..... 

16777216(4096,AnB. ^ When a root-figure 

16 is 0, as in this example} 

ft \ 7 7 7 9 we simply annex to 

7281 ^? *™1 ^^^'' ^^ 

Q f Q A \ AQi t a bring down the next 

49116 period to complete the 

^ new dividend. 


13. What is the square root of 8486784401 ? Ans. 59049. 

14. What is the square root of 41211486036 ? 

Ans. 203006. 
45. What is the square root of 5764801 ? 
16. What is the square root of 43046721 ? 
(7. What is the square root of 60466176 ? 
la What is the square root of 282475249 ? 
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19. What ia- the square root of 104.8576 ? Ans. 10.24. 

• ♦• • As p number consisting <rf 

1 4.8 5 7 6 (1 0.2 4 an integer and a decimal is 

^ involved just as an integral 

202)0485 number is involved, pointing 

40 4 off for decimals, as in Art 

o A >i yi N Q 1 »7 A 156, so the root of a number, 

8 176 P*^^^ integral and partly 

decimal, is extracted pre- 
ciselj as though it were a 

whole number, taking care 

to place the first dot over units and pointing both to right and 

(eft. If the right-hand period is deficient, we annex a cipher : 

for this will complete the period but will not affect the value of 

. the decimal (149). 

- There will be as manj integral figures in the root as there 
are periods of integral ^figures in the power, and for each period 
of decimals in the power there will be a decimal figure in the 
root. 

If the ei\tire power is decimal, place the first dot over hun- 
dredths and point towards the right. 

20. What is the square root of 747.4756 ? Ans. 27.34 

21. What is the square root of 4698 ? Ans. 68.541-^ 

If there is a remainder after 

4 6 9 8 ( 6 8.5 4 1 employing all the periods in 

.8 6 the given example, the opera- 

1 2 8 '^ 10 9 8 ^^'^ ^^^y ^ continued iat j^eas- 

IQ^A ure by- annexing successive 

periods of ciphers, decimally ; 

1865)7400 there will, however, in such 

^Q ^5 examples, always he a remain^ 

13704)57500 ^fo^; for the right-hand figure 

5 ^^ ^ ^ of the dividend is a cipher, 

187081)268400 whereas the right-hand figure 

' 137081 of the subtrahend is, neceS' 

- ^ - ,. - Q sarily, the right-hand figure 

of the square of some one of 
Hie nine digits, the right-hand figure, of the root and of the divi- 
sor being always alike. Now, no one of the nine digits, squared, 

19 
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will give a number ending with a cipher ; •:, the last figure of 
the dividend and of the subtrahend being unlike, there must be m 
remainder. • 

22. What is the square root of 19.876 ? Ajis. 4.458+w 

23. What is the square root of 176.94328 ? 

24. What is the square root of 25.467 ? 

25. What is the square root of 396.18475 ? 

26. What is the square root of 872.94 ? 

27. What is the square root of 187.946 ? 

28. What is the square root of 49.87604 ? 

29. What is the square root of f§? 

To extract the root of a mlgar fraction. 

Seduce the frcKtian to its simplest farm^ and then take tk€ 
root of the numerator and denominator separately ; or^ if either 
term of the fraction^ when reduced^ is an impeffect sqwurm^ 
reduce the fraction to a decimal (158), and then proceed as iss 
the foregoing examples. 

SO. What is the square root of |£f ? A^;^ f . 

81. What is the square root of ^If ? Ans. |f . 

tt. What is the square root of f ? Ans. .866-f-» 

8& What is the square root of 930^ ? 

V'930i = v'a:^ ^ ly. = 30i, An*. 

84. What is the square root ofJ4"f"f"5 — A^* 

85. What is the square root of^<Kfj(-|--^ofJ — 7^? . 

Ans.^ 

Se« What is the square root of -^ -|- i o: Aj^f^^^^^ 

Ans. 3.123794., 

87. Wliatisihe8quarerootof-|-of ^ + ^|[of^ — i? 

88. What is the square rool of .376942784 ? 
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829« Application of thb Square Root. 




O 



I^BFINITIONS. 

1. A CiBCLE is a plane figin^ 
bounded bj a curved Ime, afl 
parts of the line being equallj 
distant from a point witMn, called 
the center. 

2* The curve which boundf 
the circle is called the circumfer* 
ence, 

3. The circumference is divid- 
ed into 360 eqiml parts, called 
decrees (81) ; .-. 180^ is semi- 
'drcumference, 90* is quadrant, 60* is sextant, 45* is octant, etc 

4. Anj portion of the drcumference, e. g. BAF, is called an 
arc, 

5. The straight line BF, which joins the extremities of anj 
arc is called a chord, 

6. Anj chord DF which passes through the center of a circle. 
i» called a diameter. ^ , 

The diameter is longer than any other choid. 

7. Any straight line, as CB, CD, CE, etc, drawn from the 
center to the circumference, is called a radius or semi'diameter. 

8. Any straight line, as EG, which touches the drcumferenoe 
in one point E, and can touch it in no other point when the line 
b extended, ii^called a tangent. 

The point E is called the point of contact or point of tangency, 

9. When two lines meet, as in Fig. 
2, they ar^ said to form an angle. 

The point B, where the lines meet, 
is called the vertex of the angle. 

We call this the angle B ; if, how- 
ever, there are several angles at one 
point, as at C in Fig. 1, it is necessary to designate the angle 
by t^ee letters ; c g. in Fig. 1, BCD or DCB, the middle letter 
ALWATS standing at the vertex^ and the other two letters at the 
•Ifaer extremities of the lines which form the angle designated. 



Fig. 2. 
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10. If a circle be drawn having its center at the vertex of an 
angle, the arc^ included between the sides of the angle, is said 
to measure the angle ; thus, if the arc BD, Fig. 1, is |^ of the 
circumference, (= 45^,) the angle BCD is an angle of 45^. . li 
the arc is \ of the circumference, (= 90^,) as DE in the angle 
DCE, or EF in EOF, the aogle is one of 90"* and is called a 
fight angle. 

The lines which form a right angle are perpendictilar to each 
other. • 

An angle of less thao 90®, as BCD, Fig. 1, is act cunite angle. 
An angle of more than 90®, as BCF, Fig. 1, is an obtuse angle. 
Lines forming acute or obtuse angles are oJMque to each other. 



Fig. 3. 



A 




11. A Triangle is a figure 
bounded by three straight lines. 

1*2. A right-angled triangle has 
one of its angles a right angle* 

The side opposite the right an- 
gle is called the hypotheneuse ; the 
other two sides are the base and 
perpendicular. 

The sum of the three angles of 
any plane triangle is equal to two 
right angles, or lS(ff. 



Base. 




^ - 

C 



13. An equilateral triangle has iti 
three sides equal to each other. 
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14. Anisoecelestrtan* 
gU has two and ardg two 
of its sides equaL 



Fio. 7. 



15. A RBCTANOLE is a foOT 

sided figure, each of whose angles 
is a right angle. 



Fig. 8. 
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16. A'Squabe is an equtkUenA 
rectangle, 

17. A (fio^onoZis a straight line, 
as AC, joining the yertioeft of two 
opposite angles. 



Fig. 9. 




18. A square, or any other fig* 
lire, having the vertex of each of 
its angles in the circumference of 
a circle is inscribed in that circle } 
and the circle is circumscribed 
about the figure. 



19» 
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\ Fig. 10. 
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19. A square, or any other fig- 
ure, having each of its sides tan- 
gent to a circle, is ctrcumscrihed 
about that circle ; and the circle 
is inscribed in the figure. 



330* By Geometry, die following propositions are easily 
deinonstrated : — 
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1. If in a triangle, a line 
be drawn from the vertex of 
an angle included between 
equal sides, perpendicular to 
the third side, it will hiseei 
that third side ; i. e., it will 
divide the third side into two 
equal parts. 



2. The diagonal of a square ^'Fig. 8.) divides the square into 
two equal right angled triangles, 

3. The diameter of any circle is to its circumference m the 
ratio of 1 to 3.141592, nearly ; hence the diameter multiplied by 
8.141592 will give the circumference, and, conversely, the cir- 
eumference divided by 3.141592 will give the diameter. 

4. The area of a circle may be- found by multiplying, tlie 
square of its diameter by .785398, nearly, and, conversely, if the 
area is divided by .785398, the quotient will be the square of 
the diameter. 

6. The areas of two cirdw are to each other as the sqnarM 
of their radii, diameters or circumferences. ^ 
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6. The square de- 
scribed on tlie hypothe- 
nuse of a right-angled 
triangle is equal to the 
sum of the squares de- 
scribed on the other 
two sides This will 
be seen by counting 
the small squares in 
the square of the hy- 
pothenuse and those in 
the squares of the other 
two sides. The square 
of either side adjacent 
to the right angle is 
equal t8 the square of 
the hypothenuse ww- 
Titis the square of the 
other side. 



7. A square described on a line 
1 foot long is only j- as great as a 
square described on a Ime 2 feet 
loi3& i &s great as that on a line 8 
feet long, etc, etc 
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8. If two angles- of one triangle are respectively equal to two 
of another triangle, then the third angle of the one is equal to 
the third angle of the other and the two triangles are •similar. 

9. In similar triangles the sides of one are proportional to the 
homologous or corresponding sides of the other, and the areas are 
as the squares of those sides. 

10. If one angle of a right-angled triangle is 30% the side 
opposite that angle will be ^ as long as the hypothenuse. 
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BZAMFLBS. 

1. A certain square field contams 10 acres of land ; how ma^j 
rods in length is one side of this field ? Ans. 40* 

2. A square field contains 20 acres ; how many feet in the 
diagonal of this field? Ans. 1320. 

3. A tree, broken off 21 feet from the ground and resting ca 
the stump, touches the ground 28 feet from the stump ; what ii 
the length of the part broken off? Ans. 35 feet. 

4. A fort 24 feet in hight, standing by the side of a stream, 
can be reached from the opposite side of the stream by a ladder 
that is 40 feet in length ; what is the width of the stream ? 

Ans. 32ft. 

5. A rope 100 feet long, attached to the top of a derrick and 
drawn perfectly straight, reaches ihe ground 80 feet from the 
derrick ; how high is the derrick ? Ans. 60ft. 

6. A field in the form of a right-angled triangle contains 1| 
acres, and the base of the triangle is 4| times as long as tha 
perpendicular ; what will it cost to fence this field, at 66fc pec 
rod? Ans. $60. 

7. Two ships sail from the same port, one due east and the 
other due south, one at the rate of 8 miles and the other 10 miles 
per hour. Suppose the surface of the ocean to be pUme, how 
&x apart are the ships in 24 hours ? 

8. What is the side of a square equal in area to a circle 50ft. 
in diameter? Ans. 44.31 l-|-ft. 

9. What is the diameter of a circular pond which shall ooi^ 
tain 16 times as much area as one ten rods in diameter? 

10. What is the diameter of a circle whose area is ^ as greal 
as that of a circle whose circumference is 62.83184ft. ? 

Ans. 10ft. 
11* An army consists of 546121 men; how many shall be 
placed in rank and file to form them into a square ? 

12. Two rafters, each 35 feet long, meet at the ridge of a roof 
15 feet above the attic fioor ; what .is the width of the house ? 

Ans. 63.245+ft. 
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18. A certaJD room is 25ft. long, 20ft. wide and 12ft. high , 
bow far from one lower comer to the opposite upper comer ? 

Ans. 34.19+ft 

14. A pipe f of an inch in diameter will fill a cistern in 5 
Kjmts ; in what time will a pipe 2^ inches in diameter fill it ? 

Ans. 33-^m. 

15. If a wire -^ of an inch in diameter sustain a weight of 
18001bs., what weight will be sustained bj a wire ^ an inch in 
diameter, the strength of the wire varying as the area of the 
transverse section ? 

16. A circular island 44 feet in diameter has a canal of uni- 
form width around it. At the center of this island stands a 
Btatae 11 feet tall, and a line extending from the top of the 
statue to the opposite bank of the canal is 61 feet long. What 
is the Width of the canal, if the land upon the two sides is upon 
the same level ? Ans. SSft 

17. Four men buy a grindstone 3 feet in diameter ; what 
length of radius shall each wear ofiT successively so that each 
may wear off J of the stone ? 

18. On a plane which makes an angle of 30** with the horizon, 
is a circle 300 feet in diameter.* At the extremities of that 
diameter which extends firora the lowest to the highest point of 
the circle, stand two vertical towers, the lower one being 300/ 
feet and the upper one 250 feet tall. At a point directly be- 
tween the two, and ^ of the distance from the taller, stands a 
vertical colunm 10 feet in -hight. What is the distance (1) from 
the top of this column to the top of each tower ? (2) from the 
top of the column to the bottom of each tower ? (3) from the 
top of one tower to the top of the other ? (4) from the top of 
each tower to the bottom of the other ? (5) from the top of each 
rower to the bottom of the column ? (6) between the two towerft 
horizontally ? Ans. to (3), 278.388fl. ; to (6), 259.807fl. 

19. What would be the answer to these several questions if 
ihe towers and column stood on the horizontal diameter, the 
»lamn 100 feet &om the taller tower ? 
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20. A young ladj has a drcular fiower-plat, 14 feet in diame« 
ter. How many plants can be set upon it so that no two shall 
be within 10 inches of each other, and none within 4 inches of 
the drcumferenoe of the plat ; a plant to occupy only a mathe- 
matical point ? Ans. 241. 

~ BUGGESTIONB. 

The diameter is 14 
feet = 1 6d inches long ; 
but, as no plant is to 
stand within 4 inches of 
the circumference^ ahf 
the part upon which 
plants may stand, is 160 
inches long, and ae is 
80 inches. It is evi- 
dent that 17 pla^ may 
be set on a h, one being 
at the center. Now, if 
cvz ia an equilateral 
triangle whose sides are 
10 inches each, then vx 
«= 5 inches (330, 1), 
and c X =;=>\/75 ; hence, 
fai the right-angled triangle cdx^ whose hypothenuse ccf is 80 
inches, dx can be found, from which dv and the number o^ 
plants on de can be found. Again, cy= 2 X cx,=z 2 X 
^75, and the square of ey =z 4: times the square of ex (d30j 
7) = 4 X 75 = 300; .%, in the right-angled triangle cfp^ 
whose hypothenuse cf is 80 inches, we can find f^ and .'• £e 
number of plants on fg ; etc 

21. A certain rectangular field containing 60 acres has its 
length to its breadth as 3 to 2 ; what are its length and breadth? 

Ans. 120 rods long and 80 rods wide. 

22. What is the mean proportional between 2 and 380192 ? 

• Ans. 872. 

23. A boy, standing directly under a kite, is 225 feet from his 
companion, who holds the lower end of the string and has lef 
out 375 feet ; what is the hight of the kite ? Ans. 300ft 
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24. A ladder 25 feet long, set in a street, will reach a window 
24 feet high upon one side of the street, and, without moving 
the foot, it will reach a window 16 feet high on the other side ; 
what is the width of the street ? Ans. 26.209f);. 

25. A certain rectangular box, which is 10 inches l^ig, con- 
tains 480 solid inches, and the depth of the box is to its breadth 
as' 4 to 3 ; what is the distance from one upper corner to the 
diagonally opposite lower comer of the box ? 

Ans. v^OO = 141+in. 

26. A namber of men having contracted a joint debt of 40£ 
16s. 9d., it was found that its payment required just as many " 
pence from each man as there were men in the company ; re- 
quired the number of men in the company ? Ans. 99. . 

27. What is the cost of fencing a rectangular field of 25 acres 
whose width is f of its length, at 50cts. per rod ? 

Ans. $140. 

28. I have 1200 apple-trees, which I wish iS set out in a 
rectangular orchard, so that the number of trees in a row shall 
be 8 tunes the number of rows ; the trees are to be 30 feet apart^ 
and no tree is to stand within 10 feet of the fence. How large 
• field is required ? Ans. 24a. 89rd. 4yd. 6ft. 36in. 

29. What is the side of a square equivalent in area to a 
rectangular -field^ which is 121 rods long and 49 rods wide ? 

80. What will be the difference in the expense of fencing a 
drcolar 10-acfe lot and one of the sAne area in a square fonn, 
the fence costing 50ct8. per rod ? 

81. The acute angle at the base of a right-angled triangle is 
80% and the hypothenuse is 60 inches ; how much less than 60^ 
inches, is the base ? 

32. Suppose 6 gallons of water flow through a pipe 1 inch in 
diameter iu 1 minute, how many gallons would flow through a 
pipe 5 inches in diameter in 10 minutes, the streams moving 
with the same velocity ? 

83. I have a room whose length, breadth trnd hight is, each, 
12 feet ; what is the distance from one lower comer, through the 
center, to the opposite upper comer ? 
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Fio. 1. 



4 feet. 




I 



Length. 



SSL A Cube is a 
solid (Fig, 1.), bounded 
bj 6 equal square faoes. 
Its contents are obtain- 
ed (77) by multiplying 
its length, breadth and 
bight together, or 
(since these 3 dimen- 
sions are equal) , by cub- 
ing either of the edges ; 
conversely, if the con- 
tents are given, the 
length of one edge will 
be found by extracting 
the cube root of the 
number expressing the 
contents. 



3SS. To EXTRACT THE CuBE RooT of a fiumher is to re* 
ioive it into 3 equal factors; i. e. to find a number which, mtdti^ 
plied into its square, wiU produce the given number, 

SSS. The cube of a nfunber consists of three times as mafky 
figures as the root, or of 1 or 2 less than three times as many 
C310) ; conversely, there will be 1 figure in the root for gach 
period of 3 figures in the cube, and an extra figure in the root 
if there are 1 or 2 figures over complete periods m the power ; 
hence, to determine the number of figures in the root, we point 
off the number into periods of 8 figures, by placing a dot over 
units, thousands, etc 

Ex. 1. Suppdise we have 74088 blocks of wood, each a cubic 
inch in size and form, how large a cubical pile can be formed bj 
packing these blocks together? 
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OPBSATION. 



Trial divisor, 48 

240 
4 

True divisor, 5 4 4^ 



74088(42 
6_4 

1 Q 8 8 Dividend. 
10088 





As there are two periods, the root must consist of two figures, 
tens and units ; and, since the cube of tens cannot consist of any 
figure of a lower order than thousands (Bll), we seek the cube 
of the tens in the left hand period; the greatest cube in 74 is 
64, whose root is 4. We place the root, 4, at the right of the 
number, and, having subtracted the cube, 64, from the left hand 
period, we annex the next period to the remainder, 10, making 
10088 for a dividend. 



Fig. 2. 



Thus a cube is formed ^Fig. 2.) whose edge ib 40 inches and 

whose contents are 64000 solid 
inches, and there are 10088 blocks 
remaining, with which to enlarge 
the cubic pile ah*ea47 formed. 

In enlarging this pile and pre- 
serving the cubic form, the addi- 
tions must be made upon each of 
the 6 faces, or, more conveniently, 
equally upon any 3 adjacent faces, 
e. g. a, b and c, as in Fig. 3. 
What may be the thickness of 
the addition? By dividing the 
contents of a rectangular solid by 
the area of one face we obtain the 
thickness (77, a) ; now, the re- 
maining 10088 solid inches are 
the contents, and the sum of the areas of the 3 square faces, a, b 
and c, is sufficiently near the area to be covered by the additions 
to form a trial divisor ; for the 3 additions, a, b and c (Fig. 3.), 
are the same as one solid 40 inches wide, 3 times 40 inches long 
and of the thickness determined by triaL The area of these 8 
%ces is the square of 4 (tens), which is 16 (hundreds), multiplied 

20 
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40 inch. 



EXTRACTION OF THE C17BB BOOT. 



bj 3, which gives 4800 ; L e., to obtain a trial divisor, w^ aqtiaie 

the root-figure and an- 
FiQ. 3. 



40 



nex 00 (because the 
root-figure is tens) for 
the area of one face, 
and then multiply this 
area by 3. Dividing 
10088 by 4800, we 
obtain the quotient 2, 
for the thickness of the 
additions^ i. e. for the 
unit figure of the root. 
Having made these ad- 
ditions, as in Fig. 3, 
we see that the pile 
does not retain the 
cubic form, three coiv- 
. ners, m, m and m, being 
vacant. Each of these 
comers is 40 inches 
long, 2 inches wide and 2 inches thick ; i. e. the area covered to 
the depth of two inches by filling the vacant comers in Fig. 3, 
as seen in Fig. 4, is 2 X 40 X 3 = 240 square inches ; and 
■till there is a vacant comer, n, n, n, (Fig. 4.) which is a cube 
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tf 2 Inches on each edge ; i. e. it is a solid 2 inches thick, (the 
twmmon thickness of all the additions,) covering 2X2 = 4 
square inches, as seen in Fig. 5. 



Fio. 5. 



40 



2 




Kow, if the several additions made in Figs. 3, 4 and 5, be 
spread out upon a plane, as in 

Fig. 6, 

/ A/ A / 



TIZITI Ziy\ZI7\ 



& 



or, in a consolidated form, as in 



/ / / A 



n 
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it will be readily seen that their oollectiye soHditj will be 
obtained by multipljring the entire area which they cover, 
(40 X 40 X 3 + 40 X 2 X 3 +'2 X 2 = 5044 square 
inches,) by their common thickness, 2, which will give 10088 
solid inches ; .*. a cube is formed, (Fig. 5.) whose edge is 40 -j~ ^ 
= 42 inches, and no blocks remain. . 

334U If there' are^ more than two figures in the root, the 
same relations subsist, and the same reasoning applies. Henco, 

To extract the Cube Root of a Number, 

Rule. — 1. Separate the number into periods of three jigureB 
each by setting a dot over units,- thousands, etc, 

2. Mnd by trial the greatest cube in the left-hand period, place 
its root as in square root, subtract the cube from the left-hand 
period and to the remainder annex the next period for a 
dividend. ^ 

3. Square the root figure, annex two ciphers and muUiplg this 
result by 3 for a tbial diyisob; divide the dividend by the 
trial divisor and set the quotient as the next figure of the root, 

4. Multiply this root figure by the part of the root previously 
obtained, annex one cipher and multiply this result by 3 ; add the 
last product and the square of the last root figure to the trial 
divisor, and the SUM unU be the tbue divisob. 

5. Multiply the true divisor by the last root figure, subtract the 
product from the dividend and to the remainder annex the next 
period fwr a nei3b dividend. 

6. Find a new trial divisor, and proceed as before until all the 
periods have been employed, ^ 

NoTB. — The notes in Art. 827, with slight modifications, are equally 
Applicable here. 

33S. Pboof. — Add the several parts ; or^ cube the root, 
and, if tM result is like the given power, the work is probah^ 
right. 
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£x. 2. What is the cube root of 21024576 ? 

21024576(276, Ans. 

1st Trial Divisor = 20* X 3 = 1200| 8 

20 X 7 X 3 = 420 

72= 49 — 



1st True Divisor = 1669 
Sd Trial Divisor = 270^ X 3 = 218700 

270 X 6 X 3 = 4860 
6«= 36 



2d True Divisor = 223596 



13024 1st Dividend. 

11683 



1341576 2d Dividend. 
1341576 





Th^ 1st trial divisor is contained 10 times in the dividend, yet 
the root figure is only 7. The true root figure can never exceed 
9, and must in aU cases he found by trial. 

Squaring 20 gives the same result as squaring 2 and annexing 
00, as directed in the rule^ 3d paragraph. 

8. What is the cube root of 67917312 ? 



480000 

9600 

64 

489664 



67917312(408, Ans. 
64 



3917812 
3917312 





In this example, the 1st trial divisor, 4800, is larger than the 
Ist dividend, 3917 ; .% we annex to the root, 00 to the 1st trial, 
divisor for the 2d trial divisor, and bring down the next period 
to complete a new divideifd. The rule, followed literally, wil) 
give the same result. 

4. What is the cube root of 491916472984 ? Ans. 7894. 
5 What is the cube root of 27054036008 ? Ans. 3002. 

20* 
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. 6. What is>the cube rgot of 2803221 ? Ans. 141. 

7. What is the cube nwt of 1860867 ? Ans- 123. 

• 8. What is the cube root of 95256152263 ? Ans. 4567. 
9. What is the cube root of 3176523 ? 

10. What is the cube root of 8024024008 ? 

11. What is the cube root of 36926037 ? 

12. What is the cube root of 10941048 ? 

13. What is the cube root of 382657176 ? 

14. What is the cube root of 75084686279296875 ? 

Ans. 421875. 

15. What is the cube root of 2 ? Ans. 1.25994-^ 



Ist Trial Divisor = 300 

60 
4 



2(1.25 



1st True Divisor = 364 

2d Trial Divisor = 43200 

1800 
25 

2d True Divisor = 45025 



10 00 1st Dividend. 
728 



272000 2d Dividend. 
225125 • 

46875000 3d Dividend. 



Having obtained 1 for the firat figure of the root, there is a 
remainder of 1, to which we annex a period of ciphers ai^d 
proceed according to the tvIb, 

The remaining figures of the root will be decimals ; and, as 
in the Square Root, (328, Ex. 21.) so here, and for like reasc^iSi 
there wiU always he a remainder, 

16. What is the cube root of 8 ? 

17. What is the cube root of 4 ? • 

18. What is the cube root of 7 ? 

19. What is the cube root of 14 ? 

20. What is the cube root of 19 ? 
CI. What is the cube root of 28 ? 
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22 What is the cube root of 3746.8792 ? 



1st Trial Divisor = 800 

150 
25 



3746.879200(15.53+, Ans. 



lat True Divisor = 475 

2d Trial Divisor = 67500 

2250 
25 



2746 
2375 



let Dividend. 



2d True Divisor = 69775 

3d Trial Divisor = 7207500 

13950 
9 



3d True Divisor = 7221459 



871879 
348875 



2d Dividend 



28004200 3d Dividend 
21664877 

1889828 4th Dividend. 



In this example, the right-hand period was incomplete, and 
therefore it is completed bj annexing two ciphers. The prmd- 
^le is the same as in Square Root (328, Ex. 19). 

28. What is the cube root of 56.98742357 ? 

24. 9^S4M4619 = how many? Ans. 439 

' 25. What is the <;ube root of 78426.8741 ? Ans. 

26. What is the cube root of 74.088 ? 

27. What is the cube root of ^^ ? 

Vi/^ = VTVF = t,AnB 

28. What is the cube root of HI H ^ -^^^ H* 
29 What is the cube root of ^ ? 

Vi = V-2 = .58+, Ans. 

When the exact root of a vulgar fraction cannot be extracted, 
It may be expedient first to reduce it to a decimal fraction, and 
then take the root. 



30. What is the cube root of H ? 
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81 What is the cube root of d| ? 

32. What is the cube root of 4^| ? 

33. What is the cube root of 5-j^g^ ? 

84. What is the cube root of 5687943 ? 
35. What is the cube root of 405.224 ? 

86. What is the cube root of 4.68759 ? 

87. What is the cube root of y^{/^ ? 

336« Application of the Cube Boot. 

^ 1. Solids whi(^ are of the same form and hare their like lines 
proportional are similar ; thus, if one of two rectangular solids 
ha^ its length 4 feet, its breadth 2 feet and its thickliess 1 foot^ 
and the other solid has its length 12 feet, its breadth 6 feet and 
its thickness 3 feet, tfiose two solids are similar. 

2. The like lines or parts of two sinular solids or figures are 
called homologotis lines or parts. 

8. Bj Geometry it is easily proved that the solidities, L e^ 
the solid contents of all similar solids are to each other as thA 
cubes of their homologous lines; thus, the solidities of two 
spheres are to each other as the cubes of their radii, as the cubes 
of their diameters, or as the .cubes of their circumferences, etc, 
etc ; the solidities of cubes are to each other as the cubes of 
their edges ; etc, etc. * ♦ 

Ex. 1. How many lead balls j- of an inch in diameter will b^ 
required to make a ball 1 inch in diameter? Ans. 64. 

2. K a man dig a cubical cellar whose edge is 5 feet in one 
day, how long will it take him to dig a similar cellar whose edge 
is 25 feet ? Ans. 125 days. 

3. Suppose the diameter of tlie sun is 886144 miles and that 
of the earth 7912 miles, how many bodies like the earth will 
make one as large as the sun? Ans. 1404928. 

4. K an iron ball 5 inches in diameter weighs 161b.,_what is 
ibe weight of an iron ball 20 inches in diameter? 

An8.1024]|i. 
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5. If a globe of gold 1 inch in diameter is worth $100, what 
is the diameter of a globe worth S2700 ? Ans. 3 inches. 

6. A, B, C and D own a conical sugar loaf which is 16 inches 
high and weighs 161b. ; what part of the hight shall each take 
off in tEe order A, B, C and D, so that each shall take 41b. ^ 

Ans. A, 10.079 in. ; B, 2.620in. ; C, 1.837in. ; D, 1.464in. 

7. A half-peck measr^xe is 9^ inches in diameter and 4 inches 
deep ; 'what are the dimensions of a similar measure that will 
hold a bushel ? Ans. 18^ by 8 inches. 

8. A rectangular bin, containing 327680 cubic inches^ has its 
width, hight and length in the ratio of 1, 2 and 5 ; what are its 
dimensions? Ans. 32in. wide;^ 64in. high; 160in. long. 

9. What is the edge of a cubical box whose solidity is equal 
to that of a bin whose length, breadth and hight are respec- 
tively 144, 36 and 9 inches? Ans. 36 inches. 

10. Suppose 1000 bodies like the earth are required to make 
1 like Saturn and that the diameter of .Saturn is 79000 miles; 
what is the diameter of the earth ? Ans. 7900 miles. 

11. Four qiheres have their solidities to each other in the 
ratio of the numbers 1, 2, 3 and 4 ; the diameter of the largest 
sphere is 5 inches. What is the radius of the smallest and what 
the successiye increase of the radii of the 2d, 3d and 4th? 



I 40. Tb EXTRACT A ROOT OF ANT DEGREE. 

387« Rule. — 1. Point off the given number into periods of 
M» rruiny figures each as there are units in the index of the r«- 
quired root, by placing a dot over units, etc, 

2. Mnd by trial, or by the table of powers (312), the greatest 
power of the same name as the root in the left hand period^ and 
place its root as the first figure of the required root. 
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3. Subtract the power from the first period and to the remain^ 
der annex the first figure of the next period^ for a dividend. 

4» For a trial divisor, involve the part of the root alreadtf 
found to a power tahq/se index is one less than that of the required 
root and mukiply this power by the index of the root. 

5. Divide, and the quotient will be the second figure of the 
root or something greater. 

6. Involve the part of the root found, to a power of the same 
name as the root, subtract the power from the first two periods^ 
and to the remainder annex the first figure of the next period, for 
a new dividend. 

7. Find a new trial divisor and proceed in a similar mcamer 
until the entire root is obtained. 

NoTB 1. — The left hand period may be incomplete. It, in pointing a 
decimal, the right hand period is incomplete, annex one or more ciphers. 

NoTB 2. — Sections 4 and 5 of the rule aid in finding the saccessive root 
figures ; still each must be found by trial, 

NoTB 3. — The last involution in solving a question is, at the same tima^ 
a proof of the work. 

NoTB 4. -^ This mle is founded in Algebra, and cannot be easily «» 
plained to pupils unacquainted with that science. 

Ex. 1, What is the 4th root of 890625 ? 

890625 ( 25, Aim. 
2^ = 16 

Trial Divisor 2» X 4 = 82 ) 230 Dividend. 

25^ = 390625 Subtrahend.. 



8. What is the 501 root of 1282888557824 ? 

1282388557824 ( 264, Ana. 
2»=32__ ^ 

IstTrial Divisor= 2* x 5=>80 ) 962, 1st D ividend. 

26^^ =11881376, 2d Subtrahend. 

adTrialDiv.=26* X 5 = 228488 0) 9425095, 2d D ividend. 

264* = 1 282388557824, 3d Subtrahend 
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8. What is the llOi root of 131621703842267186? 

Aii8.86i 

4 What is the 7th root of 26574849957108488? 

AI1S.22S; 

5. What ii the 4th root of 8808955502498696 ? 

Aiis.7856. 

6. What is the 8th root cf 23045377697175681 ? 

Ans-lll. 

7. What is the 6th root of 233217204680499310881000000 1 

. Ana. 24810. 

KoTB 5. — Such roots as the 4th, 6th, etc, i. e., those roots whose indioM 
are composite numbers may be more easily found by taking a root of a root ; 

dms, the VeiH = ^/^/625 =^/S5 » 5. Again, the V64 = »\/y64 — 

'.^^■3 2; orthu8,*.v^»\/*'v/^'»'v/^"'2; but roots wSoae exponent* 
are prime numbers, as the 5th, 7th, 11th, etc, cannot be extracted in this 
way. 



§ 41. ASTTHMETICAL FB06BESSI0N. 

338* Anj series of numbers inereanng^v decreasing by a 
tommon difference is said to be in Abithmetigal Pbogbes- 
BiOH; thus, 

2, 5, 8, 11, etc, is an ascending series, and 
80, 25, 20, 15, etc, is a descending series. 

330« The sereral numbers forming a series are called Umm, 
the first and last- terms, extremes; the others, means. The dif 
ference between any two snccessiYe terms is the common differ- 
ei^ce* 

34LO* In Arithmetical Progression, five particulaTs daim 
special attention .*— • 
Ist. The first term. 
Sd. The last term. 



S40 
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8cL The common difference. 
4th.. The number of terms. 

« 

5th. The sum of all the terms. 

34L1. These parficulars are* so related to eadvother that if 
any three of them are given the other two can be found. 

34L3* Twenty cases may arise in Arithmetical Progression, 
but it will be sufficient to notice a few of the more important 
ones. 

343. In an ascending series, let 3 be the drst term and 4 
ihe common difference; 



Then, 








3 — 1st term* 


3 + 4= 7 — 2d term. 


SH 


-4- 


h4 = 3H 


[- 2 X 4 — 11 — 3d teruL. 


3- 


-4- 


-4- 


-4 = 3- 


|- 3 X 4 = 15 = 4th t^,rm. 


3 + 4- 


-4- 


-4- 


-4 = 3- 


|- 4 X 4- 19 — 5th term. 


8 + 4 + 4H 


-4- 
etc. 


h4n 


-4 = 3- 


1-5 X 4— 23— 6th term, 
etc 



Again, in a descending series, let 30 be the first term and 8 
die common difference ; • . 

Then, 30 = 1st term. 

^ 30 — 3 = 27 = 2d term. 

80 — 3 — 3 = 30 — 2x8 = 24 = 3d term. 

30 — 3 — 3 — 3 = 30 — 3 X8 = 21 = 4th term. 

80 — 3 — 3 — 3 — 3 = 30 — 4X3 = 18 = 5th term. 

etc. etc 

Thus we see that, in an ascending series, the second term is 
found by adding the common difference once to the first term ; 
Uie third term, by adding the common difference twice to the 
first term ; and, generally ^ any term is found by adding the com- 
mon difference as many times to ihe first term as there are terms 
preceding the one sought. 

A similar explanation may be given when the Sfiies is 
descending. Hence, 
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S»i:4U Prob. 1. — ^The first term, common difference and 
aamber of terms being given, to find the last or any other desig- 
nated temu 

Bulk. — Multiply the common difference by the number of 
terms preceding the required term ; add the product to the first 
term if the series is ascending ^ or subtract the product from the 
first term if the series is descending, and the sum or difference 
will he the term sought 

Ex. 1. K the first term of an ascending series is 6, the com 
mon difference 3 and the number of terms 10, what is the last 
term ^ 6 + 9 X 8 = 33, Ans. 

2. The first term of a descending Series is 75 and the common 
diffei-ence 4 ; what is the 16th term ? 

75 — 15 X 4 = 15, Ans. 

d. The first term of an ascending series is 2 and the common 
difference is 5 ; what is the 21st term ? Ans. 102. 

4. The 1st term of a descending series is 500 and the conmK»a 
difference is 10 ; what is the 46th term? Ans. 50. 

5. A triangular orchard has 3 trees in the first row, 5 in the 
second, 7 in the tt^rd, and so on in arithmetical progression ; 
1)0 w many trees were there in the 15th row ? how many in the 
50th? ' 

6. What will be the amount of $100 at simple interest for. 30 
years ax 6 per cent, per annum ? Ans. $280. 

7. If a man oh a journey tr&vel 3^ miles on the first day, 
6 milctt the second day, and so on in arithmetical progressicm, 
how far will he travel on the 20th day? Ans. 51 miles. 

8. A boy bought 20 doves, pajring 1 cent for the 1st, 3 cents 
Cor tbe 2d, and so on ; what did he pay for the 20th ? 

Ans. 39 cents. 

^^Sm By inspecting the formation of the series in Art. 343, 
It will be seen that the difference between the extremes is equal to 
tke common difference multiplied by 1 less than the number of 
i«rnj ; e, g. the difference beween the 1st and 6th terms in the 

21 
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Ist series, Ail. 343 (23 — 3 ^ 20), is the sum of 5 equcd addi- 
tions ; .-. this difference, divided by 5 (20 4- 5 = 4), will givf 
one of those additions; i. e. the comnion difference. Hence, 

346. Prob. 2. — ^The "extremes and number of terms bcin|» 
given, to find the common difference, 

KuLE. — Divide the difference of the extremes hy the numbef 
of terms less one, and the quotient wiU he the common difference* 

£x. 1. The extremes of an arithmetical series are 5 and 47, 
and the number of terms is 7 ; what is the commcm difference ? 

.47 — 5 = 42, and 42 -1- 6 = 7, Ans. 

2. The extremes are 27 and 148 and the number of terms ii 
12 ; what is the common difference ? Ans. 11. 

3. The amount of $1 at simple interest for 25 years is S2.50 \ 
what is the rate per cent ? Ans. 6. 

4. A man has 12 sons whose ages form an arithmetical series; 
the youngest is 1 jrear old and the oldest 34 ; what is the differ- 
ence of their ages ? * Ansf 3 years. 

5. A body falling from rest in a vacuum descends 16^ feet 
in the first second of time and 241 1^ feet in the 8th second ; the 
increments of velocity in successive seconds b^ing equal, what is 
the increment in one second ? Ans. 32| feet. 

(a) This rule enables us to find any number of arithmetical 
means between two given quantities ; for the number of terms 
in a series is two greater than thia number of means ; hence the 
common difference may be found and then the series is formed 
by adding the common difference once, twice, etc, to the Is* 
teruL 

Ex. 6. Find 6 arithmetical means between 3 and 38. 
88 — 3 = 35 and 85-7-7 == 5, the common difference. 

Ans. 8, 13, 18, 23, 28,' 33. 
7. Find 4 means between 2 and 37. Ans. 9, 16, 23, 30. 
R. Find 7 means between I and 17. . 

Ans. 3,5, 7, 9, 11,13, 15 



ARITHMETICAL PBOGBESBION. 243 

9« Find 5 means between 27 and 3. 

Ans. 23, 19, 15, 11, 7. 

(b) If the same number of means be found between the suo 
cessive terms of an arithmetical series, these means, together 
with the terms of the original series, will constitute a new arith« 
metical series. 

Ex. 10. If 2 means be found between the successive terms of 
(lie series 1, 7, 13, 19, what will be the new series thus fonned? 

7 — l = 6and6-r 3 = 2; .-., 

Ans. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 

11. Form an arithmetical series by inserting 3 means between 
tfie s^iccessive terms of the series, 2, 18, 34. 

Ans. 2, 6, 10, 14, 18, 22, 26, 30, 34. 

12. Form a series bj inserting 4 means between the succes- 
sive terms of the series. 47, 32, 17, 2. 

Ans. 47, 44, 41, 38, 35, 32; 29, 26, 23, 20, 17, 14, 11, 8, 5, 2. 

S^y.— ^Again, it will be seen by. inspecting Art 343, that the 
diffei'ence of the extremes is the sum of the quantities added to 
or subtracted from the first term to obtain the last ; and, as these 
quantities are equ^l, if their sum be divided by one of them, the 
quotient must be their number ; i. e. the quotient wiU he one less 
than the number of terms; e. g. the diflPerence between the 1st 
and (iih terms in the first series. Art 343 (23 — 3 = 20), is the 
sum of a certain number of times 4 ; .% this difference, divided 
by 4 (20 -7-4 = 5), will give the number of additions ; i. e. the 
numi^er of terms less one. Hence, 



3^8* Prob. 3. — The extremes and common difference 
being given to find the number of terms^ 

RtXE. — Divide the difference of the extremes hy the c^rmmon 
diffe'i'ence, add 1 to the quotient and the sum will be the number 
of terms, 

Ex. 1. The extremes of an arithmetical series are 6 and 8* 
md the common difference is 4 ; what is the number of terms ? 
38 — 6 = 32 ; 32 -f- 4 = 8 ; and 8 4- 1 = 9, Ans- 
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2. The extremes of a series are 7 and 37 ; the common dif* 

ference is 3. What is the number of terms ? Ans. 11. 

3. The ages of the scholars in a certain school are in arith- 
metical progression, the common difference of the series being 2 
years ; now, the youngest scholar is 5 years' old and the oldeEl^ 
35. What is the number of scholars ? . Ans. 1 6. 

4. The extremes of a series being 8 and 29, and the common . 
difference 4^, what is the number of terms ? Ans. 6. 

5.. A stone falling, descends 16^ feet in the 1st second and 
209^ feet in the last second ; the increments of velocity per 
second being 32^ feet, how many seconds does it fall ? 

Ans. 7. 

34:9l In an ' ascending, series the second term is as much 
greater than the first as the last bil-t one is less than the last ; the 
third is as much greater than the first as .the last but two is less 
dian the last ; etc. ; .*. the sum of the extremes is equal to the 
sum of any other two terms which are equally distant from the 
extremes ; thus, in the series 1, 4, 7, 10, 13, 16, consisting of 6 
terms, we have 

lst+ 6th = 2d+ 5tii = 3d+ 4th 
1+16 =4 +.13 =7 +K) = 17; 

and .'. the sum of all the terms is 17 X 3= 51. 

Again, if the series consists of an odd number of terms, say 7 ; 
e. g. 2, 7, 12, 17, 22, 27, 32, then, 

lst+ 7th = 2d+ 6th = 3d + 5th 

2 +32 =7 +27. =12 +22 = 34, 

and there will be left the middle term, 17 = J of 34 : i. e. the 
gum of the series is equal to 3 J times 34 or 7 times ^ of 34 = 
119. In a descending series, the reasoning is entirely similar 
Hence, 

330* Prob. 4. — ^The extremes and number of terms being 
given to find the sum of the series, • 

RinLE 1. — Multiply the sum of the extremes hy hcdfthe numhei 
9/ terms; or, 



' ASITHMETICAL PROGBESSIOK. 245 

KuLE 2. — Multiply half the sum of the extremes hy the numhtr 
nf terms and the product wiU he the sum of the series. 

Note. — One or the other of these rules can always be applied withoat 
introihuing fractions into the calculations. 

Ex. 1. The extremes of a series are 3 and 23 and the number 
of terms is 6 ; what is the sum of the series ? 

3 + 23 = 26 ; 6-^2 = 3; and 26 X 3 = 78, Ans. 

2. The extremes of a series are 5 and 47 and the number of 
terms is 15 ; what is the sum of the series ? 

^ 5.-f 47 = 52 ;' 52 -1- 2 = 26 ; and 26 X 15 = 390, Ans. 

3. The extremes of a series are 2 and 92 and the number of 
.terms is 10 ; what is the sum of the series ? Ans. 470. 

4. The extremes of a series are 4 and 28 and the number of 
terms is 9 ; what is the sum of the series ? Ans. 144. 

5. The clocks of Venice strike from 1 to 24; how many 
strokes in 24 hours ? Ans. 300. 

6. How many strokes from a common clock in 24 hours ? 

7. Suppose a number of apples are placed in a straight line at 
the distance of one rod from each other for 10 miles, and that a 
basket is placed in the same line one rod from the first and 
nearest apple ; how far must a person travel who goes from the 
basket to each apple separately and, returning, deposits it in the 
basket? " Ans. 32030 miles and 2 rods. 

8. The same conditions continuing as in the last example, 
except that the basket b^ 3 rods from the first apple, what dis- 
tance must be traveled ? . Ans. 32070 miles and«B rods. 

.9. By the laws of falling bodies, the distances which they fall 
m successive seconds of time constitute an arithmetic?! series, 
163^ feet in the 1st second, and 144| feet in the 5 th s/vond; 
how far ^vill a body fall in 5 seconds? Ans. 402 y\f feet 

331. Pros. 5. — The first term, common difference, and 
number of terms being given to find the sum of the series. 

Bulk. — Find the last term hy Proh. 1, and the sum o th4 

series hy Proh. 4. 

21* 
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Ex. 1. The first tenn of an arithmetical series is 3, the com 
mon difference 4, and the number of terms 11 ; what is the sum 
of the series ? 

4 X 10 = 40 ; 40 + 3 = 43, the last term. 

3 + 43 = 46; 46-^-2 = 23; and 23 X ll=253,Ans* 

2. The first term is 5, common difference 8, and number of 
terms 21 ; what is the sum of the series ? Ans. 1785. 

3. The first term is 1 J, common difference i, and number of 
terms 41 ; what is the sum of the series? Ans. 47 1|^. 

4. A falling body descends 16^ feet in the first second of 
time, and in successive seconds of time thfe increments of velcfcity 
are 32^ feet ; how far wiU a body fall in 6 seconds ? 

Ans. 579 feet. . 



o3« Since the sum of a series is found by multiplying the 
Bum of the extremes by half the number of terms (350), so, con- 
versely, if the sum of a series be divided by half the number of 
terms, the quotient must he the sum of the extremes^ from whicJi, if 
either extreme be subtracted, the remainder wiU be the other 
extreme. Hence, 

3«53« Prob, 6. — ^The sum of the series, the number of 
^e^ms, and either extreme being given, to find the other extremes 

Rule. — Divide the sum of the series by half the number of 
krms ; from the quotient subtract the given extreme, and the re* 
mainder will be the other extreme, 

• 

Ex. 1. The sum of an arithmeticaf series is 57, the number 
of terms 6, and the least term 2 ; what is the greatest term ? 
6-f2 = 3; 57 -i- 3 =19; and 19 — 2 = 17, Ans. 

2. The sum of a series is 196, number of terms 7, and lenai 
term 7 ; what is the greatest term ? Ans. 49. 

3. The sum of a series is 352, number of terms 11, and greatr 
est term 57 ; what is the least term ? Ans. 7. 

4. A falling body descends 1029^ feet in 8 seconds, in the 8th 
Moond it falls 241^ ; how far does it fall in the 1st second? 

Ans. 16^ feet 
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5. A geptleman owing 10 creditors $200, paid the 1st $2, 
and the others in arithmetical progression ; what did he pay the 
last ? Ans. $38. 



§42. GEOMETRICAL PROGRESSION. 

3S4L* Any series of numbers increasing hy a common muUu, 
flier or decreasing hy a common divisor^ is said to be in Ge- 
ometrical Progression ; thus, 

2, 6, 18, 54, etc., is an ascending series, and 
64, 32, 16, 8, etc, is a descending series. 

9SS. Here, as in Arithmetical Progression, the numbers 
forming the series are called terms ; the first and last, extremes ; 
the others, means. 

The constant multiplier or divisor is the ratio. The ratio may^ 
in every series, be considered a multiplier, integral when the 
series is ascending and fractional when it is descending; thus, in 
the 2d series above, the ratio is 2 if considered as a divisor^ and 
^, as a multiplier, ^ 

3S6. Here, also, five particulars claim our attention : 

1st. The first term. 

2d. The last term. 

8d. The ratio. 

4th. The n.Timber of terms. 

5 th. The sum of all the terms. 

3S7» Any three of these five particulars being given,^tbfl 
jther two may be found. 

358. Twenty cases may arise, but the investigation of sev- 
eral of them requires a knowledge of logarithms and the higher 
Algebraic equations, and, of the remaining cases, it will be suf 
ficient for our purpose to present a few. 



248 OXy^MSTBICAL t^OGBESSIOK. 

9S9. In an aseending series, let 8 be the first tenh^ and i 
ihe ratio; 

Then, 3 = 1st term. 

.3X4= 12 = 2d term. 

3X4X4 = 3X4*= 48 = 3d term. 

8X4X4X4 = 3X43= 192 = 4th term. 

3X4X4X4X4 = 3X4*= 768 = 5th term. 

8X4X4X4X4X4 = 3 X 4* = 3072 = 6th term. 

etc etc. 

Again, in a descending series, let 243 be the first term and } 
4he ratio ; 

Then, 243 = 1st term. 

243 X i = 81 = 2d tenn. . 
243xiXi = 243xa)'= ^7 = 3d term. 
243 X i X i X J = 248 X (*)»= 9 = 4th term. 
243XJXjXiX J = 243 X a)^= 3 = 5th term. 

etc. * etc 

In forming the above series we see that the second u^^m is 
found by multiplying the^r*^ term by the rcUio; the third term, 
by multiplying the^r*^ by the square of the ratio ; ihe fourth, by 
multiplying the first by the cuhe of the ratio, and so on — the 
index of the power of the ratio ahjdays being one les$ than the 
number of the term sought Hence, 

360. Pros. 1. — The first term, ratio and number of terms 
being given, to find the last or>any other assigned term. 

Rule. — Multiply the first term by that power of the ratio 
whose index is- equal to the number of terms preceding the requir* 
ed term, and the product wiU be the term sought, 

Bx. 1. The first term of a geometrical series is 7, the ratio & 
and the number of terms 5 ; what is the last term r 

5 — 1=4; 3* = 81; and 81 X 7 = 567, Ans. 

2. The first term of a series is 3, and the ratio 2 ; what is the 
ninth term? 

9 — 1 = 8; 2» = 256 ; and 256 X 3 = 768, Ans. 
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d. The first term is 64, and the ratio ^ ; what is the tenth 
term ? • Ans. J. 

4. A boy bought 17 oranges, agreeing to pay 1 mill for the 
1st, 2 mills for the 2d, and so on in geometrical progression ; 
what was the cost of the 17th orange? Ans. $65,536. 

5. What is the amount of $1 at compound interest for 6 years 
at 6 per cent, per annum? Ans. $1.418519112256. 

Note. ^ In Ex. 5, the 1st term is $1, the ratio is 1.06, and the number 
of terms 7. 

6. Suppose Gren. Washington had put $100 to interest, Dec. 
31, 1780, what, injustice, would be due his heirs, Dec. 31, 1900, 
allowing it to double every 12 years? Ans. $102400. 

' 7. The estimated value of the estate of the Rosthchilds is now 
(1855) $4000j0000 ; what will be its value m 1975, allowing it 
to double once in 12 years? Ans. $40960000000. 

8. Suppose a farmer to plaai 1 kernel of com and to harvest 
1000 kernels, and suppose him to plant his entire crop from year 
to year and to harvest in the same ratio, what will be the value 
of his 10th year's crop if 1000 kernels make 1 piiyt, and he sells 
his corn at $1.12^ per bushel? 

Ans. $17578125000000000000000000. 

36 1 • Since the last term is obtained (360) by multiplying 
the first term by that power of the ratio whose index is equal to 
the number of .terms less one, so, conversely, 

pROB. 2. -^ The extremes and number of terms being given, 
to find the ratio, 

Rule. -7- Divide the last term hy the firsts and the qtwtiefU 
will he that power of the nxtio whose index is one less than the 
number of terms ; the corresponding root of the quotient wiU- 
therefore be the ratio, 

Ex. 1. The first term in a geometrical series is 3, the last 
term 192 and the number of terms 4 ; what is the ratio ? 

192 -^ 3 = 64 ; 4 — 1 = 3; and 3-^/^4 = 4, Ans. 
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2. The first term is 160, the last term 5, aad the number ol 
terms 6 ; what is the ratior? 

5 -f. 160 = ^ ; 6 — 1 = 5 ; and VA = h -Ajis. 

3. The extremes are 2 and 486, and the number of terms 6 
what is the ratio ? Ans. 3 or ^, 

(a) This rule enables us to find any number of (^ometrical 
means between two given numbers ; for the number of terms in 
a series is two greater than the number of means : hence the 
ratio may be found, and then the series is formed by multiplying 
(he first term by the rcUio, by its squarey its cube, etc 

4. Find 3 geometrical means between 2 and 512. 

512 -i- 2 = 256; ^^256 = V^^m = ^16 = 4, ratio; .\ 
8, 32, 128 are the means, and 2, 8, 32, 128, 256 = the series. 

I 

5. Find the series formed by 1 and 256, and 7 geometrical 
means. Ans. 1, 2, 4, 8, 16, 32, 64. 128, 256. 

(b) If the same number of means be found between the suc- 
cessive terms of a geometrical series, these means, together witt 
the terms of the origmal series, will form a new geometrical 

series. 

6. If 3 means be found between the successive tArms of th€ 
series 3, 768, 196608, what will be the new series thus formed i 

Ans. 3, 12, 48, 192, 768, 3072, 12288, 49152. 196608. 

7. Form a new series by inserting 2 means between the suc- 
cessive terms of the series 128, 16, 2, J, ^. 

Ans. 128, 64, 32, 16, 8, 4,' 2, 1, i, J, i, ^, ^. 

m 

' S62. Having a geometrical series ^ven, e. g. 3, 12, 48, 192, 
768, 3072, 12288, can we devise any short method for ascei^ 
taining the sum of all the terms ? 

Let us multiply each term except the last by the ratio, 4 ; thu9| 

3, 12, 48, 192, 768, 3072, [12288], the given series 
Prod, by 4, 12,48,192,768,3072, 12288; 

■nd we shall evidently form a new series like the otd^ except thi 
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drst ternr f the old is not ibiind in the new. Now, if the old 
series except the last term be subtracted from the new, the 
remainder vriU he the difference of the extremes in the old series j 
the other terms in the two series canceling each other ; the 
remainder will also be 3 times the sum of all the terms except 
the last in the old series ; for once a series from 4 times a series 
mv^t leave 3 times the series ; .% ^ of this remainder plus the 
last term must Ife the sum of aU the terms in the old series ; but 
S is the ratio less 1. 

A similar explanation is always applicable. Hence, 

363. Fbob. 3. — The extremes and ratio being given, to 
find the sum of the series, 

EuLE. — Divide the difference of the extremes by the ratio 
less 1, and to the quotient add the greater extreme, 

Ex. 1 The extremes are 2 and 20000, and the ratio 10 ; what 
is the sum of the series ? 

20000 — 2 = 19998; 10 — 1 = 9; 19998-^9 = 2222; and 
2222 + 20000 = 22222, Ans. 

2. The extremes are 7 and 45927, and the ratio 3 ; what is 
the sum of the series ? Ans. 68887. 

3. The extremes of a series are 5 and 5120, and the ratio 4 ; 
what is -the sum ? Ans. 6825. 

364* Pros. 4. — The first term, ratio and number of terms 
being given, to find the sum of the series. 

Rule. — Find the last term by ProK 1, and the sum of the 
series by Proh, 3. 

Ex. 1. The first term is 5, the ratio 3 and die number of 
terms 9 ; what is the sum of the series ? 

3« X 5 = 32805, last term; (32805 — 5).-i- 2 = 1G400, 
liiflference of extremes divided by the ratio less one ; 16400 -f- 
82805 = 49205, sum of the series. 

2. The first term is 7, ratio 6 and the number of terms IB \ 
what is the sum of the series ? Ans. 18284971621. 
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3. A lady being mafried on the first day of January, hef 
father gave her $1, promising to give her $10 on the first of 
February, and so on in geometrical series on the first of the 
remaining months of the ytear; to what sum did her dowry 
amount? Ans^ $111111111111. 

4. Had the ratio been 5 instead of 10 in the above example, 
what would have been the lady's dowry? Ans. $61035156. 



§43. ANNUITIES. 

StiSm An Annuity is, properly, a sum of money payable 
annuaUy ; but the term is also applied to sums payable monthly^ 
quarterly, semt-anntially, hienniaUy, or at any regular intervals. 

Rents, salaries, pensions, etc, are annuities. 

366« An annuity payable at a definite number of times is 
called a certain annuity ; if payable periodically for an indefinite 
time, e. g. during the life of an individual, it is a continyeytt or 
life annuity; if payable at regular intervals forever, e. g. the 
intere&l of a school fund, it is a perpetual annuity or a perpetuity* 

367* An annuity already commenced, or to commence im- 
mediately, ip said to be in possession ; if not to commence until 
a definite time has elapsed, or until the occurrence of a speci- 
iied event, it is in reversion ; if not paid when it becomes doe, it 
IS m arrears. 

368* The amount of an annuity in arrears is the sum of all 
the installments which are due and unpaid, together with all the 
interest which has arisen on such installments. 

369« The right to some species of annuities may be bought ; 
In such cases, the purchase money is the present worth of the 
annuity. 

370. The, amount of annuities in arrears, at simple and at 
X>mponi)4 interest, may be found in various ways. 
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371 • Pbob. 1. — ^To find the amount of an annuity at simple 
mrei*est, 

Ex. 1. What is the amount of an annuity oi $100 per year in 
arrears for 4 years, on simple interest ar 6 per cenr. per annum ? 

1st Method. — The 4th installment, becoming due to-day, is 
wonh just $100 ; the 3d installment, having been due 1 year, 
amounts to $^106 ; so the 2d and 1st installments, having been 
due 2 and S years, respectively, amount to S112 and $118 ; .•. 
$100 -|- S106 -t- S112 -f- S118 = $436, the sum sought; but 
these numbers constitute an arithmetical series, of which the first 
term is the annuity, the common difference is the interest of the 
annuity at the given per cent, for the time between two succes- 
sive payments, and the number of terms is the number of pay- 
ments ; .*. we find the amount of the annuity by the rule in Art, 
851. 

2d Method. — ^As the several installments are on interest for 
1, 2 and 3 years, it is plain that the entire interest is equal to the 
interest of $100 for 1 year multiplied by (1 -|- 2 -|- 3) ; 1. e. 
the entire interest = $6 X 6 = $36, and this added to the sum 
of the 4 installments, viz., $400, gives $436, as in the 1st method. 
Hence, 

Rule. — Find the sum of the natural series of numbers, 1, 2, 3, 
etc., uj to the number of installments, le^s one, by Art. 351 / muU 
tiply the interest of one installment for one interval of time, by 
this sum, and the product will be the entire interest; add tlie 
entire interest to the sum of all the installments and the whole sum 
will be the amount required, 

Ex. 2. K an annual pension of $500 be in arrears for 6 years, 
frhat will it amount to at 6 per cent, simple interest ? 

Ans. $3450. 
3. What is the amount of a salary of $225 quarterly, in 
trreare for 4 years, at 6 per cent, per annum, simple interest ? 

Ans. $4005. 
22 
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' 4. What is the amount of an annual salary of $6000, in 
arrears for 8 years, at 7 per cent, simple interest. 

Ans. $59760. 

5* Ka semi-annual rent of $350 be in arrears for 3 years and 
6 muiiths, what will it amount to at 8 per cent simple interest ? 

6. The interest on a certain sum is $600 per annum ; if thia 
interest remains unpaid for 3 years, what, in justice, would be 
due the creditor, money being worth 10 per cent. ? 

7. What, money being worth 6 per cent. ? 

ST'S. Frob. 2. — ^To find the amount of an annuity in 
arrears at compound interest, 

Ex. 1. What is the amount of $1 annuity per annum, in 
arrears for 4 years, at 6 per cent, compound interest ? 

The 4th installment, becoming due to-day, is worth just $1 ; 
the 3d, having been due 1 year, is worth $1.06; so the 2d and 
1st installments, having been due for 2 and 3 years respectively, 
amount, at compound interest, to $1.1236 and $1.191016; •% 
$1. + $1.06 4- $1.}236 + S1.191016 = $4.374616, the sum 
sought; but these numbers constitute a geometrical series, of 
which the first term is the annuity, the ratio is the amount of $1 
at the given rate for the time between two successive payments, 
and the number of terms is the number of payments ; .•. w^e find 
the amount of the annuity by the rule in Art. 364. 

Ex. 2. If an annual pension of $500 be in arrears for 6 years, 
what will it amount to at' 6 per cent; compound interest? 

Ans. S3487.6592688. 

Kemark. — In the several Problems in Annuities $1 may be 
considered the annuity, and having proceeded with $1 according 
to the rule, the product of the result multiplied by the true an- 
nuity will give the true result. Hence the utility of the following 
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TABLE, 
Showing the amount of the annuity o/$l, £1, «te., ai 4, 5; 6 and 
7 per cent compound interest, for any number of years not 
exceeding 20. 



Tears. 


4 per cent. 


5 per cent. 


6 per cent. 


7 per cent. 


1 

1 


1.000000 


1.000000 


1.000000 


1.000000 


2 


2.040000 


2.050000 


2.060000 


2.070000 


3 


3.121600 


3.152500 


8.183600 


3.214900 


4 


4.246464 


4.310125 


4.a74616 


4.439943 


5 


5.416323 


5.525631 


5.637093 


5.750739 


6 


6.632975 


6.801913 


6.975319 


7.153291 


7 


7.898294 


8.142008 


8.393838 


8.654021 


8 


9.214226 


9.549109 


9.897468 


10.259803 


9 


10.582795 


11.026564 


11.491316 


11.977989 


10 


12.006107 


12.577893 


13.180795 


13.816448 


11 


13.486351 


14.206787 


14.971643 


15.783599 


12 ' 


15.025805 


15.917127 


16.869941 


17.888451 


13 


16.626838 


17.712983 


18.882138 


20.140643 


14 


18.291911 


19.598632 


21.015066 


22.550488 


15 


20.023588 


21.578564 


23.275970 


25.129022 


16 


21.824531 


23.657492 


25.672528 


27.888054 


.17 


23.697512 


25.840366 


28.212880 


30.840217 


18 


25.645413 


28.132385 


30.905653 


33.999032 


19 


27.671229 


30.539004 


33.759992 


37.378965 


20 


29.778079 


33.065954 


86.785591 


40.995492 



Ex. 3. What is the amount of an annual pension of $900 id 
arrears for 17 years, at 7 per cent, compound interest ? 

Ans. $27756.1953. 

4. What is the amount of an annual salary of $1000 which 
has been in arrears 20 yeans, at 5 per cent, compound interest ? 

Ans. $3^065.954. 

5. What is the amount of an annual rent of $150, in arrears 
for 12 years, at 6 per cent, compound interest ? 

Ans. $2530.49115, 

6. Whajt is the amount of an annuity of $300 per annum, in 
arrears for 15 years, at 4 per cent, compound interest ? 

Ans. $6007.0764. 



3^0 AimUlTlKS. 

'. WTiai i** the amoun^ oi' a quarterly salary cf $225 k 
tiears ibr 4 vears, allowing 1 ^ per cent, interest per quarter, and 
comp^>unding the interest quarterly ' Ans- $4034.78-|-. 

8. What is the amount of a semi-annum dividend of $5CM) m. 
arrears for 4 years, allowing 3 per cent, interest for 6 months 
time, and compounding'the interest semi-aimually ? 

9. What is the amount of a biennial salary of $10000 in 
arrears for 8 years, allowing 12 per cent interest for 2 yeara^ 
compounding the interest biennially ? 

10. What is the amount of an annual rent of $300, in arreara 
for 19 years ? 

ST'S* PROB. 3. — To find the present worth of a certain 
annuity at compound interest,* 

Rule l.—^Find the present worth of each installment^ and 
the sum of these vnU he Vie present worth of the annt^ity ; oTj 

BuLE 2. — Find the amount of the annuity as though it were 
in arrears^ and then discount this amount for the time to elapse 

before the last installment becomes due, 

« 

Note. — These two rales will giye the same result, but |^e 2d is the 
eafuer to apply. • 

'^ To find the present worth of a certain annuity, discounting at simpU 
interestf some authors have given this rule : — Find the present worth of 
ea'^h installment separately, and the sum of these will be the present worth 
of the annuity. Others find the amount of the annuity as though it were 
in arrears, and then discount this amount for the time to elapse before the 
last installment is due. 

These rules will give-different results, but the difference is unimportant ; 
for to purchase an annuity by either of these rules would be in the highest 
degree absurd, since the present worth of an annuity for about 25 years .at 
8 per cent, llf the 2d rule, or 30 years by the Ist, would be so great that its 
annual intej^esc ivoukl be more than the annual installment of the annuity; ^. g. 
the present worth of an annuity of $100 for 25 years, found by the 2d rule, 
is $1720. Now the loan of $1720 will entitle the lender to $103.20 interest 
annually, forever ^ and the principal would still be due ; whereas the pur« 
chase of tlie annuity of $100 for 25 years by the payment of $1720, its 
present ^orth, will only secure the payment of $100 annually for 25 yean^ 
anl neither installment nor the refunding of purchase monev subseqaeatl^. 
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V. 



Ex, 1. What is die presefit worth of $100 annuitj, payable 
annually for 4 years ? 

OFfeifiATION BT RULE 1. 

f >^ = $94.33^^8 J = present worth of 1st instalhnent. 

ij^a = $88.99iJSS3^ = present worth of 2d installment, 

f i^Ys = $83.96^^3^ = present worth of 3d installment. 
\}^^, = $79.20ii& f ^^f&^ = present worth of 4th installment. 
$346.51iAf^f4^A = present worth of annuity, Ans. 

OPERATION BT RULE 2.* 

$100 X ^.063 = $119.1016 = last term of series (360); 
($119.1016 — $100) -t- (1.06s— 1) + $119.1016 = $437.4616 
= amount of $100 annuity in arrears for 4 years (363) ; 
$437.4616 -^ 1.06* = $346.5 H^fjl^^, Ans. as before. 

These operations may be much abridged by using the following 

TABLE, 

Showing the present worth of the annuity o/*$l, £1, etCy at 4, 5, 

6 and 7 per cent., for any number of years not exceeding 20. 



Years. 


4 per cent 


5 per cent. 


6 per cent. 


7 per cent. 


• 1 


.961538 


.952381 


.943396 


.934589 


2 


1.886095 


1.859410 


1.833393 


1.808018 


3 


2.775091 


2.723248 


2.673012 


2.624316 


4 


3.629895 


3.545950 


3.465106 


3.387211 


5 


4.451822 


4.329477 


4.212364 


4.100197 


6 


5.242137 


5.075692 


4.917324 


4.766546 


7 


6.002055 


5.786373 


5.582381 


5.389289 


8 


6.732745 


6.463213 


6.209794 


5.971299 


9 


7.435332 


7.107822 


6.801692 


6.515232 


10 


8.110896 


7.721735 


7.360087 


7.023582 


11 


8.760477 


a306414 


7.88o875 


7.498676 


12 


9.385074 


8.863252 


8.383844 


7.942686 


13 


9.985648 


9.393573 


8.852683 


8.357651 


14 


10.563117 


9.898641 


9.294984 


8.745468 


15 • 


11.118382 


10.379658 


9.712249 


9,107914 


16 


11.652290 


10.837770 


10.105SD5 


9.446G52 


17 


12.165664 


11.274066 


10.477260 


9.763223 


18 


12.659292 


11.689587 


10.827603 


10.059087 


1^ 


13.133935 


12.085321 


11.158116 


10.335595 


20 


13.590322 


12.462210 


11.469921 


10.594014 



22* 
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Ex. 2. What is the present worth tJf v 4duiui/ / 160 pet 
annum to continue 20 years, at 6 per ccni\ compound inXiest ? 
The present worth of $1 by the table is S)11.46i?9'<il, 

A $11.469921 X 60 = $688.19526, Aim. 

3. What is the present worth of an annuity of $17t> per 
annum to continue 15 years, at 7 per cent, compound intereAl? 

Ans. $1593.884-}-, 

4. Wliat is the present worth of an annual pension of $151 
for 12 years at 5 per cent. ? Ans. $1329.4878. 

5. A young man buys a farm for $2000, which he agi-ees V5 
pay in 16 equ^ annual installments, the first in 1 jear from tLc; 
time of purchase. Allowing 6 per cent., what ready money will 
pay the debt? . Ans. $1263.236+. 

6. What is the present worth of a semi-annual salary of $50C^ 
to continue 8 years, allowing 4 per cent, interest for the timi 
between two successive payments ? Ajis. $5826.145. 

374r. Prob. 4. — To find the present worth of a perpetuity 

Tlie present worth of a perpetuity is, evidently, a sum wha ;• 
interest for the interval between two successive payments k. 
equal to one installment ; now, interest is found by multiplying; 
the principal by the rate per cent. ; .•., conversely, the principal 
equals the interest divided by the rate per cent. Hence, 

Rule. — Divide the installment hy the rate per cent, and tht' 
quotient will he the present worth of the perpetuity, 

Ex. 1. What is the present worth of a perpetuity of $60 pe 
annum at 6 per cent.? $60 -7- .06= $1000, Ans. 

2. What is the value of a perpetuity of $1200 per annum at 
per cent. ? Ans. $20000. 

3. What is the present worth of a perpetuity of $900 p© 
annum at i per cent? Ans. $30000. 

37*>* Prob. 5.^-To find the present worth of an annuity 

certain, in reversion. 

Rule 1. — Find the value of the annuity if entered an imme* 
diately and then discount that value for the time in reversion* 



AKNUITIES. ^ 259 

Note —A like rale will give the value of a perpetuity in reversion. 

Rule 2. — Find the present worth of a like annuity for the 
time in reversion, also for the whole time from the present till the 
last installment is due, and the difference of these wiU he the pres- 
ent worth of the annuity in reversion. 

Ex. 1. What is the present worth of $500 annuity to com 
menoe in 3 years and continue 4 years, at 6 per cent 

BY BULE 1. 

Present worth for 4 years = $1732.553. 

$1732.553 -^ 1.191016 = $1454.684+ , Ana. 

BY BULE 2. 

Present worth for 7 years = $2791.1905. 
Present worth for 3 years = $1336.506. 

Difference = $1454.684-|-, Ans. ' 

2. What is the value of a perpetuity of $1000 to commepco 
in 2 years, discounting at 6 per cent. ? Ans. $14833.274. 

3. What is the present worth of an annual pension of S300 to 
commence in 8 years and continue 12 years, discounting at 4 
per cent. ? . Ans. $2057.273. 

376. Prob. 6. — ^To find an annuity, its present worth being 
given, 

Rule.— 2>tm(/« the given present worth hy the. present worth 
of%l annuity for the given rate and time. 

Ex. 1. The present worth of an annuity for 3 years is $500 , 
what is the annuity ? 

$500 -1- 2.673012 = $187,055 — , Ans. 

2. The present worth of an annual rent for 10 years is $6000 ; 
what is the rent, discounting at 5 per cent. ? Ans. $777,027. 

377* Prob. 7. — To find an annuity, its amount being given. 

Rule. — Divide the given amount hy the amount of %\ annuity 
for the given rdte and time. 
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Ex. 1. The amount of an annuity for 4 years is $60C ; wild 
IB the annuity, discounting at 6 per cent. ? 

$600 -1- 4.374616 = $137,155—, Ana. 



§ 44. PERMXJTATIONS, ARRANGEMENTS, AND 

COMBINATIONS. 

PERMUTATIONS. 

378. When several things are placed in a line in everj 
possible order of succession, so that each shall enter every result, 
and enter it but once, they are said to be permuted^ and ecu:h 
order of succession is called a permutation ; thus, the single let- 
ter, a, can have but 1 position, i. e., it cannot stand either before 
or after- itself; the 2 letters, a and ft, furnish the 2 permutations, 

•< , >■ the number of which is expressed by the product of 

1 X 2 = 2; and if a dd letter, c, be introduced, we have 



(cab, cba^ 
-iacb, bca>; Le., 
(a&c, bac) 



the new letter, c, may stand 1st, 2d9 or 3d 



in each of the 2 permutations of a and b ; hence the number of 
permutations of 3 things is expressed by the product, 1X2x3 
= 6. If a 4th letter, d, be taken, it may stand as 1st, 2d, 3d, or 
4th, in each of the 6 permutations of a, b and c, and, of couxv% 
furnish 4 times 6 = 1 X 2x3 X 4 = 24 permutations. 

By the above, it is evident that the No. of permutations 
Of 1 thing • = 1 

Of 2 things = 1x2=2 

Of 3 things = 1x2x3= 6 

Of 4 things = 1X2X3X4= 24 

Of 5 things = 1X2X3X4X5 = 120 
and 60 on to any extent. Hence, 



ABSANaSlfENTS. 261 

370. Prob. 1. — ^To find the number of permutations of any 
given number of things, 

Rule. — Form the. series of numhersy 1, 2, 3, 4, etc., up to the 
number of things to be pennuted, and their contiyiued product wiU 
be the number of permutations, 

Ex. 1. How many different integral numbers may be ex- 
pressed hj writing the 9 significant digits in succession, each 
6gore to be taken on6e, and but once, in each number ? 

Ans. 1X2X3X4X 5X6X7X8 X 9 =362880. 

2. Suppose 20 books, standing on a shelf, be removed without 
noticing their order, what is the probability that the first trial to 
replace them as before will be successful ? 

Ans. As 1 to 2432902008176640000. • 

3. A family consists of father, mother, five sons, and ^y^ 
daughters ; in how many different orders of succession may they 
arrange themselves around the dinner table ? 

Ans. 479001600. 

4. The solar spectrum consists of 7 colors — ^red, orange, yel- 
low, green, blue, indigo, and violet ; in how many different orders 
may these colors be arranged ? Ans. 5040. 

• AKRANGEMENTS. ;^ 

380* If from any number of things a smaller number be se- 
lected in such a manner that all the groups shall consist of the 
same number of things, and each group be different from every 
other, in, at least, one of the things of which it is composed, these 
selections are called combinations ; and if th^se combinations be 
pennUted the results are called arrangetnents ; thus, ab, ac, adj 
bc,bdy cd are combinations of 4 letters in seta pf 2 and 2, and aft, 
ia, ac, CO, etc, are arrangements of the same 4 letters in sets of 
2 and 2. 

It will be noticed that although ab and ba are 2 ^crrangements, 
yet they are not 2 combinations, for ab and ba v^e ^jomposed, not 
of diffwrenty but of the %AME letters. 



262 ABBANGEMENTB. 

381. If the 4 letters, a, h, c and d, be arranged in sets of 1 
and 1, we have 4 arrangements, viz., a, b, c and d; and for each 
arrangement there are 3 reserved letters — the 3 which are not in 
the set; for the 1st arrangement, a, the reserved lettei*s are h, c, 
and d; for the '2d, i, the reserved lettere are a, c and dy etc., etc. 

Now if we wish to arrange the 4 letters in sets of 2 and 2, we 
take each of the 4 arrangements in sets of 1 and 1 and annex to 
it ea^ of the 3 reserved letters, thus, 



Cab, ba, c a, d a,^ 
<ac, be, cb, db,y 
I ad, bd, cd, do, ) 



givuig 4 times 3, i. e., 4 X 3 = 12 arrangements of 4 letters m 
Bets of 2 and 2. 

Again, if we would arrange them in sets of 3 and 3, we have 
but to annex ecu^i of the reserved letters to each of the 12 ar- 
rar^ements in sets of 2 and 2 and we have 



{ 



abc, acb, adb, bac, bca, bda, cab, cba, cda, dab, dha, dca^ \ 

abd, acd, adc, bad, bed, bdc, cad, cbd, cdb, dac, dbc, deb. y 



The law of arrangements is evident : — if we arrange any num- 
ber of things in sets of 1 and 1, there will be as many arrange- 
ments as there are things from which to select ; if in sets of 2 
and 2, the number of arrangements will be equal to the number 
in sets of 1 and 1 multiplied by the number of reserved letters,i.e. 
the number from which we select, minus one ; and so on in sets 
of 3 and 3, 4 and 4, etc. Hence, 

382. Prob. 2. — ^To determine the number pf arrangements 
that can be made of any number of things taken in sets of 1 and 
1, 2 and 2, 3 and 3, etc., etc. 

Rule. — Form a series of numbers, beginning with the number 
of things from which we are to select, and decreasing by 1 uniH 
the number of terjns is equal to the number of things to be taken 
at a time, and the continued product of these terms will be th^ 
number of arrangement^. 
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Ex. 1. How many integral numbers can be expressed, each 
composed of any 5 of the 9 sigpifcant figures ? 

Ans. 9X8X7X6X5 = 15120. 

2. How many arrangements can be made cf 6 scholars out of 
a class of 16 scholars? Ans. 5765760. 

8. How many arrangements of 6 letters, selected from ihe 26 
of the English alphabet may be made? Ans. 165765600. 

383« If the number of things in a set is the same as the 
number of things from which the selection is to be made, the 
qncstion becomes one of mere permutation ; e. g., what number 
of arrangements can be made of 4 books, taken in sets of 4 and 4 / 

Ans. 4X3X2X1 = 24 = No. permutations of 4 things. 
• 

Combinations. 

384. If every possible condnncUton of any number of things 
in sets of 2 and 2, 3 and 3, etc., be permuted, these permutations 
must he all the possible arrangements of the same number of 
things in sets of 2 and 2, 3 and 3, etc. ; e. g. if each of the 6 
combinations of 4 things in sets of 2 and 2 be permuted, w^ 
obtain 12 arrangements, — all the possible arrangements of 4 
things in sets of 2 and 2 ; i. e. the number of combinations of • 
4 things in sets of 2 and 2 multiplied by the number of permutar 
tions of 2 things gives the number of arrangements of 4 things 
in seta ot 2 and 2 ; or, to abbreviate this and put it in the form 
of an equation, let A stand for the number of arranijements of 
4 things in sets of 2 and 2 ; let P stand for the number of per- 
mutations of 2 things ; and let O stand f©r the number of combi- 
nations of 4 things in sets of 2 arid 2, and we have (7 X P=A^ 
and, dividing each member of this equation by P, we h^ve O = 

A 

•=. This formula, reduced in the example under consideration, 

4X3 
gives ^ = 6 combinations of 4 things in sets of 2 each. 

A like explanation can be given to every example. Henoe^ 
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3S9L Prob. 3. — To find the number of combinationa of any 
number of things in sets of 2 and 2, 3 and 3, etc. 

Rule. — Form a series of numbers, as in the rule for arrange' 
ments (382), /br a dividend, and a series, as in the rule forper^ 
mutaiions (379), 1, 2, 3, etc., up to the number of things to be 
combined ai a time, for a divisor, and the quotient will be the 
Mimber of combinations sought. 

Ex. 1. How many different companies of 7 men each may be 
selected from 21 men ? 

21 X 20 X 19 X 18 X 17 X 16 X 15 ,i.«on a..« 
IX 2X 3X 4X 5X 6X 7 = '^^'^^' ^ 

2. How many combinations of 6 letters, selected from the 
English alphabet, can be m^e ? Ans. 230230. 

3. How many different combinations of 8 colors can be made* 
out of the 7 prismatic colors ? Ans. 35. 

4. The graduating class in a literary institution consists of 50 
members, of whom 33 are to be selected for public speakers; 
bow many different selections can be made? 

Ans. 9847379391150. 
.5. Chemists describe 56 different elements in nature; now, if 
one particle in each element will combine with one particle in 
each of the other elements, how many combinations may be so 
formed? Ans. 1540. 

6. A butcher bought 10 sheep out of a flock of 20,'agreeiQg 
to pay as many cents for each of the 10 sheep as the owner 
could make different selections of 10 sheep from the flock ; what 
did the sheep cost him? Ans. $18475.60. 

386. If the number, of things to be combined is .the same 
as the number of things from which the selection is to be made, 
there can be but 1 combination, for the factors of the dividend 
and divisor will be the same, and, consequently, cancel each 
other ; thus, e. g., how many combinations can be made of 
things selected from 6 ? 

. 6X5X4X3X2X1 _, 
"^'IX 2^ 3X4X5X6-^- 
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387. Just as many combinations of 7 and 7 as of 2 and 2 
may be made of 9 things ; just as many of 6 and 6 as of 3 and 3, 
etc. ; and, generally, just as many combinations of any number 
of tilings selected from a larger number can be made as of the 
remaining number after the smaller is taken from the larger ; 
for, after as many factors at the beginning of the dividend .and 
divisor each are considered as are in the smaller set, the remain- 
ing factors of the dividend and divisor cancel each other ; thus, 
liad the 1st example in Art. 385, read, — How many different 
companies of 14 men each may be selected from 21 men ? — our 
formula would have been 



21X20X19X18X17X16X15 



1X2X3X4X5X6X7 



X14X13X 12X11 XlOx9x8__^jg2go 



X8X9X10X11X 12X13X14 

in which all the factors of the numerator ailer 15 are like the 
factors of the denominator after 7 taken in an inverted order. 

388* If the continued pvoduct of the terms of a descending 
arithmetical series, consisting of any number of integral terms 
whose common difference is 1, be divided by the continued 
product of the series 1, 2, 3, 4, etc., up to the number of terms 
whose product forms the dividend, the quotient wiU he a whole 
number; for this quotient will be the number of combinations 
of as many things in a set as are represented by the largest 
factor in the divisor, selected from the number represented by . 
the largest factor of the dividend, and this number of comhina* 
iiont is NECESSASiLT a whole number ; thus, 

79 X 78 X 77 X 76 , r^«-/x. » , 

i\y o C Q A — = 1502501, a whde numb&r. 
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§45. MISCELLANEOUS EXAMPLES. 

389. Ex. 1. The sum of 3 numbers is 99 ; the 2d of these 
numbers is 3^ times the Ist, and the 3d is 2^ dmes the 2di 
What are the numbers ? Ans. 8, 28 and 63. 

2. What is the interest on $356.50 from Maj 12, 1856, ik 
July 4, 1858; at 7^ per cent. ? 

8. Multiply A of 7t^ by ^. Ans, 9. 

4. What number, multiplied by ^ of itself, will produce 4^ P 

Ans. 3. 

6. What number, multiplied by J of itseJ^, will produce 8 J ? 

Ans. 5* 

6. What number, multiplied by 2^ times Itself, will produce 55 ? 

7. The hind wheel of a carriage is 10^ feet, and the fore 
wheel 9 feet in circumference ; how many revolutions will each 
make in running from Andover to Boston, 20^ miles ? 

8. The salary of the President of the United States is $25000 
per annum ; what sum can he expend daily, and yet save $26950 
in one term of office ? Ans. $50. 

9. A merchant has 141b. sugar worth lOc, 141b. worth 12c. 
and 281b. worth 15c., which he ?dshes to mix with two other 
kinds worth 18c and 23c so as to make a mixture worth 19c 
per lb. ; how many pounds of each of the two latter kinds may 
he take ? Ans. 561b. at 18i and 981b. at 23c 

10. Hiero, King of Syracuse, ordered his jeweler to make 
him a crown of gold, weighing 63 ounces. The artist attempted 
a fraud by substituting a portion of silver ; but the kiiig, sus- 
pecting fraud, requested Archimedes to examine it. Archime- 
des, putting it into water, found that it displaced 8.2245 cubic 
inches of water ; and, having found that an inch of gold weiglia 
10.36 ounces, and an inch of silver 5.85 ounces, he discovered 
what part of the king's gold had been purloined. It is required 
lo repeat the process. Ans. 28.803-}- ounoes. 
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11. A rectangular piece of land, containing 30 acres, has ita 
length to its breath as 3 to 1 ; what are its length and breadth ? 

Ans. 120 and 40 rods. 

12. A gentleman, in disposing of his property, willed to hi* 
wife i and to his son § of his estate, if, of children, he left only a 
fion ; and to his wife § and to his daughter J, if he l^fl only a 
daughter. Now, at his decease, he left both a son and a daughter, 
in consequence of which his widow received $3200 less than if 
he had left only a daughter. What would she have received if 
he had left onlj a son ? Ans. $2800. 

13. Suppose all the conditions in Ex. 12 to remain unchanged, 
except that the gentleman slball leave a son and 2 daughtem. 
what will be the answer ? 

14. A gentleman, dying, left his estate of 30983£ 14s. 6d. as 
follows, viz., for benevolent objects 8567£ I2s. 3d., toJiis widow 
8567£, to each of his 8 daughters ^ of Hlilf 0^ ^® remainder, 
and to each of his 5 sons, ^ of what then remained ; what was 
the share of a son? of a daughter? 

15. Two men in Boston hire a carriage for $20 to go to Fitch- 
burg, 50 miles distant, and return, ?dth the privilege of taking in 
8 more persons; having gone 20 miles, they take in A; at 
Fitchburg they take in B, and when within 15 miles of the city 
they take in C. How much shall each man pay ? 

r 1st man, $6.35. - 
2d man, $ 
Ans. < A $ 

B $2.3£. 

C $ 

16. A general, ananging his army in a square battalion, 
'found that he had 116 men remaining; but, increasing the* rank 
and file by one soldier, he "Wanted 129 men to make up the 
square. Of how many men did his army consist ? 

Ans. 15000. 

17. If a pipe 6 inches in diameter will discharge a certain 
quantity of water in 4 hours, in what time will 3 four-inch pipes 
diachaa^ twice the quantilj. Ans. 6 hours. 
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18. A colonel, forming his regiment into a hollow sqnare, 
found that, when he arranged the men 3 deep on each side of 
the square, he had 114 men left; but when he arranged them 4 
deep, he wanted 114 men to complete the arrangement. Of 
how many men did his regiment consist ? Ans. 750, or 846. 

19. I Low shall I mark a package of wrought collars which 
cost me $4 each so that I may fall 20 per cent from the marked 
price and yet make 25 per cent, on the purchase price ? 

Ans. $G.25. 

20. What shall I ask per pair for gloves which cost $9.G0 
per dozen tliat I may discount 33^ per cent, from the asking 
price and yet gain 25 per cent on the cost ? 

21. Wliat are the prime factors of 2800 ? 

22. ^Vliat are all the integral factors of 2800? 

23. Wliat is the greatest conmion measure of 1027 and 1781 ? 

24. Bought of J. P. & Co. as follows : — 

July 1, 1857, on 60 days' credit, a bill of $200. 

« 15, " « 90 " « " 400. 

Aug. 5, " « 80 « « « 400. 

Also, sold to J. P.*& Co. : — 

July 22, 1857, on 2 months' credit, a bill of $500. 
Aug. 29, " " 3 ** *< « 40O. 

When shall I pay the balance of the debt ? 

25. Sold to D. S. E. as follows :— 

Jan. 8, 1857, on 6 months, 10 acres of land at $150, $1500. 
Feb. 28, « « 3 " 5 t<Mis of hay at 20, 100. 

Also bought of him : — 

• March 4, 1857, on 30 days, 6 horses at $150, $900. 
" 26, « " 40 " 8 cows at 25, 200. 

When shall he pay me the balance of his debt ? 

26. What is the amount of $356, at 6 per cent compomid 
interest, from July 21, 1836, to July 31, 1857 ? 

27. How many feet of boards are required to cover a hoose 
thAt is 40 feet long, 30 feet wide and 20 feet high to the top of 
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the plates, the ridge being 12 feet above the plates and the roof 
projecting 1 foot horizontally over the plates, no account being 
made of doors, windows, thickness of boards, etc. Ans, 4784. 

28. How many bricks, whose dimensions are 2, 4 and 8 
inches, are required to build the walls of a house 50 feet long, 
32 feet wide and 20 feet high, the walls being 1 foot thick ? 

29. How many briciks would be required for the above men- 
tioned house, if the walls were 1^ feet thick ? Ans. 127980. 

30. What is the square root of 9 times the square of 16 ? 

31. What is the square root of the square root of ^^ of the 
square of ^^ ? Ans. ify. 

32. The radii of two* circles having a common center are 4 
and 8 inches ; what is the area of the circular ring included be- 
tween the two circumferences? Ans. 150.796416sq.in. 

Remark. — The answer to Ex. 32 may be found without 
ascertaining the area of either circle. How ? 

33. A tree 32 feet tall, growing vertically upon a horizontal 
plane, is broken off so that the top reaches the ground 16 feet 
from the stub, the part broken off turning upon the top of the 
stub as upon a hinge ; what is the hight of the stub ? 

Ans. 12 teet. 

34. A gentleman being asked the time, replied that ^ of the 
time past from noon was equal to ^ of the time to midnight > 
what was the time ? 

35. Suppose a boy can count distinctly 180 per . minute, how 
long will it 4ake him to count bne quadrillion by the French 
method of numeration ? how long by the English method ? 

36. Received a quantity of goods from Liverpool, with m- 
stnictions to sell them and invest the proceeds in cotton, after 
deducting a commission of 1^ per cent, on the iiiles of the goods 
and 1 per cent, on the purchase of the cotton. Sold the goods 
at an advance of 5 per cent, on the invoice price and received 
$12600 ; what was the invoice price and what sum was invested 
m cotton? Ans. Invoice, $12000 ; invested, $1 2288.1 1t«^\. 

23* 
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37. How loany different companies of 7 men each can ba 
selected from 18 men ? how manj companies of 11 men each? 

38. In a certain house there are 46 windows and 12 panes in 
each window. B bn js this hoose, agreeing to pay 1 cent for . 
the first pane of glass, 2 cents for the second, and so on, in geo- 
metrical progression, for all the panes ; what is the price of the 
hoose? 

39. What would have been the price of the above-mentioned 
boose, had the series been in Arithmetical Progression ? 

40. Paid 3 debts successivelj, each of which took half of all 
the money I had before paying it and 50 cents more, and then 
had only $50 remaining ; how much had I at first ? 

Ans. S407. 

41. A cistern has a receiving and a discharging pipe. If the 
cistern be empty and both pipes open, it will be filled in 12 hours ; 
whereas if the discharging pipe were closed, the cistern would be 
filled in 9 hours. In what time would the discharging pipe 
empty the full cistern, if the receiving pipe were closed ? 

31 

42. What is the square of the cube root of 1 of ^ and } of 

? Ans. }• 



16IJ1 

43. Wbatisthecabeofthesqnarerootdffof^l — ^^^r? 

44. How many different integral numbers can t>e expressed 
by means of the ten Arabic digits, each digit being used ono% 
and only once, in each number? 

45. For what sum roust a policy be taken out to secure an 
adventure of $10000 from New York to Liverpool, at 4 per cent ; 
thence to Havre at 1 per cent ; thence to San Francisco at 10 
per cent ; and thence to New York at 8 per cent ? 

46. If a certain number be increased by 5, and the sum 
diminished by 1 1, and the remaincfer multiplied by 4, and tha 
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product divided bj 3, the quotient will be 36 ; what is the num- 
ber? Ans. 33. 

47. A watch has an hour, a minute and a second hand, turn- 
ing upon the same center-staff. At 12 o'clock the three hands 
are together. How long will it be (1) before the second-hand 
will be equally distant from the other two ? (2) before the minute- 
hand will be equidistant from the other two? (3) before the 
hoiur-hand will be equidistant from the other two ? 



Analysis op (1 ) — Let h^ m and f 
be the positions of the hour, minute and 
second-hands, severally, at the required 
time. Then since the minute-hand goes 
12 times as fast as the hour-hand, and 
the second-hand 60 times as fast as the 
minute-hand, we shall have the distance 

1 space.' 
12 spaces. 

720 
708 
708 
707 




and 



From 12 


to A = 


« 12 


to m = 


« 12 


to « = 


« m 


to « = 




to A — 


" s 


to 12 = 



u 



u 



u 



u 



and 

and « 12 round to 12= 1427 « 

Hence the proportion : — As the distance round the dock is to 
the distance* the hour-hand has* moved, so is the number of 
seconds while the hour-hand is going round the dock to the num- 
ber of seconds required ; L e., 

As 1427 : 1 : : 43200 sec. : 30^3^^ sec,.Ans. 

Remark. — ^In a similar manner we may determine .when the 
iccond-hand shall have the position «' represented in Fig. 1 ; also 
the questions (2) and (3), and all similar examples respecting 
the positions of the hands of a watch may be analyzed. 
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48. At what time betireen 12 and 1 o'clock will the hour and 
minute hands of a watch make equal acute angles with the line 
extending from the center-staff to 12 ? Ans. oo-^^ m. past 12. 

Fig. 2. 

Analysis. — ^At half-past 12 the 
minute-hand is at 6 and the hour- 
hand is at h\ half way horn 12 to 1. 
Now, if the hour-hand would stand 
still at h' while the minute-hand 
moved forward to t", half-way 
from 11 to 12, 27^ minutes from 
the point 6, the hands would have 
the required positions ; but, while 
the minute-hand is advancing, the 
hour-hand goes from h' to h ; .*. the 
minute-hand must stop at t, as 
much short of t" as A is in advance of h' ; i. e., the hour and 
minute hands together move over the space represented by 27^ 
minutes on the dial ; but the hour and minute hands together 
move over 13 spaces while the minute-hand alone moves over 
12 spaces; hence the proportion: 13 : 12 :^: 27^ m. : 25^*3 m., 
the number of minutes beyond half-past 12 when the hands will 
have the required positions. 

49. At what time between 5 and 6 o'clock do the hour and 
minute hands make equal acute angles with the line from 12 to 6 ? 

50. At what time between 2 and 3 o'clock do the hour and 
minute hands point in opposite directions ? 

51. At a certain time between 8 and 9 o'clock the minute- 
hand was between 9 and 10. Within an hour afterwards the 
hour and minute hands had changed places. What was the 
1st mentioned time? 

52. An intelligent farmer, having a good pair of oxen fully 
shod, offered to sell them if any one would pay 1 cent for the 
first shoe, 2 cents for the second, and so on in geometrical pro- 
gression for all the shoes. Having found a ready purchaser, it 
ID required to find the price of the oxen. Ans. $655.35. 
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53. The ignorant purchaser of the oxen mentioned in the 
above example, being astonished at the price, soon negotiated the 
sale of his horse, a lioble aiiim&l, on the same terms. What di(^ 
he receive for his horse? Ans. 15 cents. 

54. Mr. Ignoramus, being chagrined by the bargains mentiop- 
ed in Ex. 52 and 53, and resolving to rctriev*^ his fortune by thA 
purchase of a splendid mansion, offered the ownc^'* 1 cent for thi» 
1 St door, 2 cents for the 2d, 4 for the 3d, and so ob. The bousa 
having 65 doors, what did it co^t? 

Ans. $368934881474191032.31. 

55. The purchaser of the above-named house, being af^a'o 
astonished above measure, called in legal advice. The la^vyei 
being a shrewd, practical man, counseled his client to say to the 
inexorable creditor :r—" It is but reasonable, sir, that your legal 
demands be satisfied ; please be seated till I can count the money, 
and you shall have your pay." Now, suppose the debtor can 
count $1 per second, 10 hours a day and 300 days in a year, 
how long must the creditor wait ? 

Ans. 34160637173 yr. 6 m. +. 

56. What would be the simple interest on the above-named 
sum for the time required to count it ? 

.57. What the amount at compound interest, allowing it to 
doable once in '12 years? 
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390. Arithmetical operations, hv the Roman Notaf/on, 
are very cumbersome, and this may be botn cause and conse- 
quence of there having been few, if any, Roman mathematicians 
of eminence. 

391. The directions usually given for the manner of per- 
forming certain operations are merely for convenience ; thus, in 
Subtraction we are directed to write the subtrahend under the 
minuend ; but one versed in figures will subtract as readily when 
the subtrahend is over the minuend or ehewhere^ and it is fre- 
quently more convenient than to follow the rule. 

Ex. Take 85 7 69 

From 842076 In the proof, the uppei 

-^ . - ft /x /• « /v« number and remainder arc 

Remainder, 806307 ^^^^ together. 

Proof, 8 42 07 6 

393. In Multiplication, the result will be the same, which- 
ever figure of the multiplier is used first ; stiU, there is usually 
ao gain in departing firom the common course, btU a decided los$ 
in the lack of system. The . following example illustrates these 
points : — 

Multiply 8742 8742 8742 
By 4298 4298 429 3 

33678 11226 11226 

14968 14968 ^ 33678 

11226 33678 7484 ' 

7484 7484 14968 



Product, 16064406= 16064406 = 16064406 
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393. In liOng Division, there may be a real gain in writing 
the divisor at the right instead of at the left of the dividend ; for 
the work will be more compact^ and the divisor and quotient witt 
km*e the iisucd relative position of/actors in mvltiplicaiion ; thus, 

Dividend, 92250 ( 375 Divisor. 108£ 7s. 9d.(13 

750 ( 246 Quotient, 104 (8£ 6b. 9d. 

1725 2250 4£ 

1 500. 1500 20 

2250 ^^^ 87b. 

2250 92250 Proo£ 78^ 

9b. 

12 

1178. 

117 



Contractions in Multiplication. - 

394. To multiply by 25, 

Rule. — Annex 00 to the multiplicand (or move ike decimai 
point two places towards the right) and divide the result by 4. 

Why? Because 25 is ^ of 100, and .'• we wish to obtain \ 
of 100 times the multiplicand ; thus,* 

Multiply 796 by 25. Also 7.96 by 25- 

4) 79600 4) 7 9 6. 

19 900, Ans. . 19 9.,Ans. 

395. To multiply by 33^, 

Rule. — Annex 00 (or move^ etc.) and divide by 8. Why ' 

Mi^Uiply 7824 by 33^. Also 7.824 by 33J. 

8)7 8 240 8 ) 7 8 2.4 

2 6 8 0, Ans. 2 6 0.8, Aiuk 
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396. To multiply by 66§, 

Rule. — Annex 00 (or movey etc.), divide by 3, and mtdtiply 
the quotient hy 2. Why ? 

Multiply 34278 by 665. Also 45.3678 by 66§. . 
3) 342780 3 ) 4 5 3 6.7 8 

1142600 1512.26 

2 2 



2 2 8 5 2 0, Ans. 3 2 4.5 2, Ans. 

397. To multiply by 133}, 

Rule. — Annex 00 (or move, etc.), divide hy 3, and add (hi 
quotient to the dividend. Why ? 

Multiply 78424 by 133}. Also 2.756 by 133}. 

8)7842400 3)275.6 

2 6 1 4 1 3 3.3 3 8+ 9 1.8 6 6-f 



10 45 65 3 3.3 3 3+, Ans. 3 6 7.4 6 64-, Ans. 

398. To multiply by 9, 99, 999, or any number of 9's, 

Rule. — Annex as many ciphers (or move, etc.) as there are 
9*i in the multiplier, and from thejrestdt stibtract the multiplicand, 

Wliy? Because annexing multiplies by 10, and, if the 
multiplicand be subtracted, 9 times the multiplicand will remain ; 
annexing 00 gives 100 times the multiplicand, and taking away 
once the multiplicand will leave 99 times the multiplicand ; etc 

Multiply 7843 by 999. Also 5.69234 by 9999. 

7843000 • .5692 3.4 

7843 5.6 9 2 3 4 

7 8 3 515 7, Ans. 5 6 9 1 7.7 7 6 6, Ans. 

399. How shall we multiply by 12}, 16}, 150, 101, IQOl, 
19, 91, etc.? 

Ex. 1. Multiply 7848 by 12}. 
% Multiply 98.4328 hy 12}. 
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' a Multiply 594327 by 150. ' 
4. Multiply 98.643 by 150. 
6. Mu'tiply 378942 by 10001. 

6. Multiply 35.6927 by 101. 

7. Multiply 46923 by 17. 

8. Multiply 46923 by 71 

400. To multiply any whole number -f-^ by itself, 

Rule. — Multiply the whole number by the next larger whoU 
number and to the product add ^, 

Ex. 1. Multiply 5^ by 5J. 6 X 5 -f^ = 30J, Ans. 

The reason is found in the following process : — 

» 
5 -|- i First, merely indicate the 



5 



Xi 



multiplication of 5 -|- 2 ^7 ^ 

5X5 I ^ X 5 *^^ ^^^° ^y 2' setting the 

i V *; _i_ i terms of the product as in the 

..x... w^Il ""g^" ' *^«"' ^^^''S, we find 

^X«^"T"*X^ + t» that the product hjlve times 5, 

plus once 5, plus ^, which is 6 

^y (^ + J) X M- i» times 5 + i, a result in ac- 

Le. 6x5 + J — 304. cordance with the rule. 

Ex. 2. Multiply 9^ by itself. 

8. What is the value of a cheese weighing 12^1b. at I2^cts. 
per pound ? Ans. $1.5 6 J. 

(a) This principle applies equally well to figures of a higher 
^rder tlian units ; thus, 

Ex. 1. Multiply 75 by 75 ; L e. 7^ tens by 7^ tens. 

80 X 70 + 5« = 5625, Ans. 

2. Multiply 95 by 95. . Ans. 9025. 

3. Multiply 350 by 850. Ans. 12250C. 

4. Multiply 7500 by 7500. 

401. To multiply any whole number + J by the next 
larger whole number -|- h 

Rule. — Multiply the larger whole number by itself and from 
the prodv>ct subtract \, 

24 
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Ex. 1. Multiply 6J by 7i* 7 X 7 — i = 48J, Am 

2. :Multiply 9 J by 10 J. Ans. 99f. 

[SLj The rule applies equally well to examples where the 
fractions in multiplier and multiplicand vary but ^, l, {, etc., 
from the larger integer, except that the square of the smaller 
fraciiony instead of ^, is to be subtracted. 

(b) It also applies to figures of a higher order. What is the 
principle of operation 1 

Ex. 1. Multiply dt by lOf 

10 X 10 —ay = 99gt, Ana. 
t. Multiply 3§ by 4J. 

8. Multiply 35 by 45. . 40 X 40 — 5« = 1575, Ans. 
4. Multiply 27 by 33. 80 X 30 — 32 = 891, Ans. 

6. Multiply 58 by 62. 

403. To multiply two decimals together when the product 
b required to be true only to a certain number of decimal 
places, 

Ex. Multiply 414.793 by 23.7286 and make the producf tnp< 
to 3 decimal places. 

UNCONTBACTED PROCESS. w COKTSJLCTED rBOCESS. 

4 1 4.7 9 3 4 1 4.7 9 3 

2 3.7 286 237286 



8 29 58 6 
1244379 
1 290355 

86 8296 

831 8:3 44 3318 

2488758 249 



8 2958 6 
1244379 
290355 
8295 



9 84 2.45 7 1 7 9 8, Ans. 9 8 42.45 7, Ans. 

In the contracted process it seems most convenient to mitlfipl^ 
by the left-hand figure of the multiplier first (392) and we at 
once perceive that the whole multiplicand is to be multiplied by 
the integers of the multiplier, for there are no more decimal 
places in the multiplicand than are required in the prodoob 
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Bnt when we multiply hj tM .7, we may omit the .008, for 
•003 X -7 would give a decimal of the fourth place ; however, 
as there would be 2 to carry from the product of 3 X 7 to the 
product of 9 X 7 in the un contracted process, so. 2 must be car- 
ried in the contracted process ; thus, 7 times 9 are 63, and 2 
added will give 65, .*. 5 is written as the right-hand figure in the 
3d partial product. So, when we multiply by .02, both 9 and 3 
of the multiplicand nGiay be disregarded, except so far as to de- 
termine what to carry to the product of .7 X '02 ; and, as twice 
9 is nearer 20 than 10, there are 2 to carry, which gives 6 for 
the right-hand figure of the 4th partial product, etc., etc 

Contractions in Division. 

403« In division of decimals^ when the quotient is to be 
true only to a given number of decimal places, the process may 
be contracted by dropping, successively, the right-hand figures 
of the divisor, instead of annexing a cipher or bringing down a 
figure to the successive partial dividends, taking care to change 
the right-hand figure of the several products, etc, as would be 
required if the neglected figures were regarded. 

Ex. Divide 7.9362 by 2.7451, true to 4 decimal places. 



UNCONTBACTED PROCESS. 

2.7451 ) 7.9362 ( 2.8910 
54902 



24460 
21960 



2499 
2470 



28 
27 




8_ 

20 
59 

610 
451 



CONTRACTED PROCESS. 

2.7451 ) 7.9362 ( 2.8910 

54902 

24460 
21960 

2499 
2470 

28 
2^ 

1 



1 1590 

For the 1st quotient figure the whole divisor is required ; for 
the 2d quotient figure the 1 of the divisor is dropped, but since 
the 2d subtrahend is incomplete, its right-hand figure is increased 
by 1 before subtracting. The same is true of the 3d subtrahends 
ate. 
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404. To Divide by 5, • 

Rule. — Mtdtiply the dividend hy 2, and point off the right 

\and figure. 

Why ? Because J is twice x^ of a number. 

E» Divide 7849 by 5. 

7849 
.2 

1569.8, Ana. 

405. To Divide by 25, 

Rule. — Multiply the dividend hy .04. Why ? 

Ex. Divide 78468 by 25. 

78468 
M 

3138.72, Am. 

406. To Divide by 33J. 

^ViJ.^.— Multiply the dividend hy .03. Why ? 

Ex. Divide 3742 by 33i. 

3742 
_ .03 

112.26, Ans. 

407. To Divide by 125. 

Rule. — Multiply the dividend hy .008. Why? 

Ex. Divide 769423 by 125. 

769423 N 
.008 

6155.384, Ana. 

408. How may we divide by 12^) 16§, 66§, etc ? 

Ex. 1. Divide 3550 by 12i. 

3550 
.08 

284.00, Ana 
1 Divide 869478 by 16}. 
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Identity op Division, Fractions and Eatios. 

400. The dividend in an example in division, the numera- 
tor of a fraction and the antecedent of a ratio are identical in 
office ; so, al?o, are the divisor, denominator and consequent. 
Hence, whatever operations are performed on dividend and divi- 
sor, numerator and denominator, or antecedent and consequent, 
mill affect the quotient, value of the fraction or ratio precisely 
alike ; thus, multiplying the dividend (59, a), numerator (125) 
or antecedent (244, a), multiplies the quotient, fraction or ^atio* 

(a) Again multiplying dividend and divisor (60, Cor.), nume- 
rator and denominator (133, a, Note 1) or antecedent and conse- 
quent (244, e) by the same number, does not alter the quotient, 
value of the fraction or ratio ; .•. two examples in division may, 
without altering the quotients, be so changed as to have a com- 
mon divisor or a common dividend; two fractions may be reduced 
to a common denominator or a common numerator; and two 
ratios, to a common consequent or a common antecedent 

Corollary to (a). — Since we may multiply dividend and 
divisor, numerator and denominator, or antecedent and conse- 
quent by any number, integral or fractional, it follows that we 
may add to or subtract from these corresponding terms any num* 
hers that have the same ratios, and the quotient, value of fraction 
or ratio will remain unchanged ; thus, 

In Division, 15 -~ 5 r= 3 
and 6^2 = 3 



.-., Adding, 21 -~ 7 = 3 
Subtracting, 9-^-3 = 3 

In Fraction!^, A = 3 



y and 



fl2-:-24 = J 
3^ 6=^i 



•> 



and 

Adding, 



f =i 



o> 



5_-f2__5 — 2__ 
and Subtracting, 1 5 + 6 ~ 15 — 6 "~" 

In Ratio, 15 : 5 = 3 




and 



3: 1 = 3 



.-., Addin g, 18 ; 6 = 3 
Subtracting, 12 : 4 = 3. 

24* 



> and -{ 



3 
2 



9+6_9-6_ 

1 3-1-2 ~ 3 -2 ~^ 

:12 = i 
: 8 = i 



5 ;2Q = j 
1: 4 = ] 
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Remark. — ^It is on this principle that the rule for redndng 

pence and farthings to the decimal of a pound hy inspection^ is 

founded ; thus, 1 qr. = ^J^yX, but if 960 be inci'eased by ^ of 

itself the sum will be 1000 ; .*., increasing the-numerator and de- 

1 1,1 

nominator, each, by ^ of itself, we shall have ^-^ = "^ , L e., 

^^'=^§o'^'"^^^^'*^""^'^^^"-=^-^ 

24 JJ^ 25 ^ ,^ 50 ^ 

^^ ^" = 1000^= 1000^^ ^^^- = 1000^ "'^ 

Now 2s. = ^£z=z^£ = .!£, 4s* = .2£, 16s. = .8£, etc.; 
and Is. = ^£ = .05£. Hence, 

410« To reduce shillings, pence and farthings to the ded- 
mal of a pound, hy inspection^ 

Rule. — Write half the greatest even number of shillings at so 
many tenths of a pound; write the odd shilling^ if there be onSy 
€U .05 of a pound; and write the number of farthings in the 
given pence and farthings, increased by 1 if the number is 12 or 
more, and by 2 if it is 30 or more, as so many thousandths of a 
pound. The sum of these wiU not vary more than ^ of .00l£ 
(or less than ^ qr.) from the true value of the given shillings^ 
pence and farthings. 

£z. 1. Reduce 15s. dd. 2qr. to the decimal of a pound bj 
inspection ? 

14s. = .7 £ 
Is. = .05 £ 
8d. 2qr. = .01 5£ , nearly, 

.*. 15s. dd. 2qr. = .765£, nearly, Ans. ; 

Or, more briefly and compactly, 

15s. = .75 £ 
3d. 2qr. = .015£, nearly, 

• 15s. dd. 2qr. = .765£, nearly, Ans. a» before 
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Ex. 2. Beduce 19s. 8d. Iqr. to the decimal of a pound. 

Ans. .981£ 

S. Reduce 12s. lid. 3qr. to the decimal of a pound. 

411. Reversing this operation we maj reduce the first 8 fig- 
ures of the decimal of a pound, back to shillings, pence and farth- 
ngs; thus, 

Ex. 1. Reduce .875£ to shillings and pence. 

.8 £ = 16s. 
.05 £= Is. 
.025£= 6d. 



.-. .875£ =; 17s. 6d. Hence, 

To reduce ti first 8 figures of a decimal of a pound to shil* 
lings, pence ant arthings, bj inspection, 

Rule. — Da> 9 the tenths far shillings ; if the hundredths ht 
5 or more, add another shilling ; then, after the .05 is deducted 
the remaining figures of the 2d and Sd places, abating 1 when 
the remainder is 12 or more, and 2 when 36 or more, will repre* 
sent the farthings, which mag be reduced to pence and farthings. 

2. Reduce .784£ to shillings, pence and farthings. 

Ans. 15s. 8d. Iqr. 

8. Reduce •247£ to shillings, pence and farthings. 

Barteb. 

413« Barter is an exchange of commodities in trade. 

Questions in barter are solved hy analysis. 

Ex. 1. How much cofiee, at 25c.' per pound, must be given in 
exchange for 300 pounds of sugar, at 15c. per pound ? 

Ans. 1801b. 

2. How many bushels of oats, at 50& per bushel, are equal ip 
faluo to 1000 bushels of wheat at $2.37^ per bushel? 

Ans. 4750 
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3. A has flour worth $10 per barrel ; but, in exchanging it 
with B, for broadcloth, he asks $12. Now, B's broadcloth being 
worth $ 1 per yard, what shall he chai'ge for it that he may not 
suil'or loss ? Ans. $4.80 per yard. 

4. C has 193 J pounds of tea, worth G2jc. per pound, which 
he will put at 5G^c. provided he can get coffee, worth 25c. per 
pound, for 23c. Does he gain or lose, and what per cent. ? 

Ans. Loses 2 per cent. 

Practice. . 

4 1 3. Practice is a mode of finding the value of any number 
of articles at any price, by assuming the value yi the whole or • 
^art, at the given or some other price, and the modifying the 
assumption according to circumstances. 

Ex. 1. What is the value of 9a. 3r. 20rd. oi wd, at $40 per 
; ere? 

$40 
9 



$360 — 


value of 9a. 




20 = 


u 


ii 


2r.= 


ia. 


10 — 


(i 


u 


Ir.— 


iof2r. 


5 = 


(i 


a 


20rd. 


= ir. 


$395 = 


(i 


u 


9a. 3r. 


. 2Qrd., Ans. 



2. What is the value of 356 barrels of flour, at t9 J per bar 
rel? 

$3560 = valueat $10 
178 = « « $J 

$3382 = "_ « $9 J, Ans. 

Series. 

414.. A -series consists of 3 or more terms, following eacb 
other in accordance with some law (109*). 

•j|lt!^« An infinite series is one which is without end. 
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416« Tlie sum of an ascending infinite series is infinite ; L 
e. great beyond limits. 

4:17i The sum of a descending infinite series in geometrical 
progression, may be found by the rule in Art. 3G3, except that 
\n tlie iniiuite series the least term may be considered 0, and .*. 
Jibiegarded. 

A quantity that is small beyond any determinate limits is an 
\njiniieiimal ; as, e. g. the smaller terms of a descending infin- 
ite series. 

Ex. 1. ^YLa,t is the sum of the infinite series, 6, 2, J, f , etc. ? 
6-1-2 = 3; and3 + 6 = 9,Ans. 

2. TVliat is the sum of the infinite series, 1, ^, ^, etc ? 

Ans. 2. 

3. What is the som of the infinite series, ^, -^^^ ttAjt^' ^^^ 

Ans. J. 

4 18* There are various methods of finding the sums of dif- 
ferent series, but they are Algebraic and cannot be investigated 
in this treatise. Rules for summing two species of series, only, 
will be given here. 

(a) To find the sum of the squares of any number of terms 
b the natural series, 1, 2, 3, 4, etc, 

Rule. — Multiply the number of terms in tJie series hy thai 
number plus one ; then multiply the product by twice the number 
plus one, and ^ of the product will be the sum sought. 

Ex. 1. TVhat is the sum of 12 terms of the series, l^, 2\ S\ 
etc? , 

12X(I2 + l)X(24+l)^ 

2. What is the sum of 12 terms of the series, G^, 72, 82, etc ?| 

Ans. 1730. 

The rule is not directly applicable to this example, but we 
must get the sum of 17 terms of the series, 1^, 2^, 32, etc, and 
«Uso of 5 terms, and the difierenoe of these sums will be thm 
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sum sought A practical application of this rule is in finding 
the number of cannon balls in a square pile, e. g. 12 balls on a 
side in the lower layer, then 11 in the 2d layer, 10 in the 3d, etc. 

(b) To find tlie sum of the cubes of any number of terms in 
tlie natural series, I, 2, 3, etc., 

Rule 1. — Multiply the number of terms plus one, ht/ half tk^ 
mumber of terms, and square the product ; or, 
Rule 2. — Square the sum of the terms. 

Ex. 1. What is the sum of 8 terms of the series, l^, 2', S', 

etc? ^ 

(8-f 1) X 4 =1296, Ans. 

2. What is the sum of 8 terms of the series, 5*, 6*, 7', etc ? 

> Ans. 5984. 

Are the rules directly applicable to this example ? 



§47. CIRCULATING DECIMALS. 

419. A CmcuLATiNO Decimal (157, c) is a decimal io 
which a certain figure or a succession of figures is repeated ovez 
and over again, perpetwUfy. 

430. Such a circulate or repetend is obtained by reducing r 
vulgar fraction to a decimal (158) whenever there is any prime 
factor except 2 and 5 in the denominator and not in the nuinerar 
tor ; e. g. i = .1111 etc ; the 1 to be repeated perpetually. } 
= .7777 etc ^j^ = .727272 etc ,Vj = .123123, etc 

431* When only one figure is repeated, it is called a simple 
repetend; thus, | = .222 etc, a simple repetend. 

433. When two or more figures are repeated, it is a cam- 
pound repetend ; thus, -f^ = .7272 etc, a compound I'epetend. 

/133. Instead of repeating a figure, it is written on^ and a 
point is placed over it, thus, | = i». If the rep*^sd ia com 
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pound, jpoints are placed oyer the first and last figure of the dr- 
dilate ; thus, -^^ = .123. 

4.24. When other decimal figures occur hefore the repeating 
figures commence, it is called a mixed repetend ; thus, -^ = 
•41G66 etc. = ,416) a mixed repetend. The figures preceding 
the circulate are the finite part of the expression. 

4S«K. A perfect repetend is one in which the number of 
figures in the circulate is one less than the number of units in 
the denominator of the equivalent vulgar fraction ; thus, ^ gives 

the perfect repetend .i42857 ; ^ gives .084482758620689655- 

1724l3793i. 

430. There can be no more figures in a repetend than one 
less than the number of units in the denominator of the equiva- 
lent vulgar fraction, reduced to its lowest terms ; for^ in dividing 
the numerator by the denominator, each remainder must be less 
than the denominator, and .*. there can never be more different 
remainders than there are units in the denominator, less one ; 
and whenever a remainder like a preceding remainder occurs, 
the quotient figures must begin to repeat. 

4S7. Since j^ = .1 it follows (bj multiplying each member 
of the equation by 2, 8, 7, etc, and transposing the members) 

• • • 

that .2 = 2, .8 = I, .7 = f ; i. e. 9 simple repetend is reduced 
to an equivalent vulgar fraction by writing the repetend Tor a 
numerator and 9 for a denominator. 

428. Smce -j^ = .oi, it follows that .02 = ^, .23 = ||, ' 
etc Similar reasoning will show us that any compound repetend 
may be reduced to an equivalent vulgar fraction by writing the. 
lepetend for the numerator and as maoy 9's as chere are figures 
in the repetend for the denominator. 

439* In a mixed repetend the figures preceding ^ha ciron 
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late have just tbe same value they would have if no circulate 

followed them; thus, in .27, the .2 is ^2^; in .153, the .15 is^if^jy, 
etc. Moreover, the value of the circulate is aifected by having 
otlier decimal fijijures precede it, just as the value of any decimal 
figure is affected by having other decimal 'figures precede it ; 

thus, in .27, the 7 is only ^ as great as in the expression 2.7 ; 

• ■ • ■ • 

in .153, the 3 is only j^jg as great as in 15.3 ; but in 2.7 the 
7 is equal to } ; .*., in .27, the 7 is equal to J X xV = /ir » ^^^ 

• a 

a like reason, in .153, the 3 is equal to ^J^, etc. Hence, 

4L30. To find the value of a mixed circulate, 

Rule. — Fi?id the value of the finite part and of the repetend 
teparately^ and add the two together, 

Ex. 1. What is the value of .275 ? 

.275 = .27 + Tf^jj = lU + B*Tr = Hi = i«V, Ans. 

2. What is the value of .42 i 23 ? . Ans. J4 g 5 5 

431. Perfect repetends have some very curious properties 
which have been very happily presented by G. R. Perkins, Esq., 
an eminent American Teacher and Author of an able series of 
mathematical works. 

(a) If the last half of tlie figures of a perfect repetend be 
written in order under the first half and added to the figures in 
the first half, the sum will be a succession of 9's ; thus, the frao- 

tion ^ = .0434782608695652173913, and this repetend, writ- 
ten and added as suggested, will give 

04347826086 
95652173913 

99999999999 

(b) If -the remainders obtained in reducing the vulgar frac- 
tion to a repetend be written in the same way and added* each 



sum will be the denoralMilor of the Tulgsr fraetiktt; thnfly the 
remainders in redacio^ ^ are 

10, 8, 11, 18, 19, 6, 14, 2, 20, 16, 22, 

13, 15, 12, 5, 4, 17, 9, 21, 8, 7, 1 , which, added, 

give 23, 23, 23, 23, 23, 23, 23, 23, 23, 23, 23. 

(c) If we subtract the unit figure of the denominator of the 
▼nlgar fraction from 10 and multiply anj figure of the repetend 
bj the remainder, the unit 6 r^rre of the product will be the 
unit figure of the corresponding remainder ; thus, 

in jV = A ^ ^9 ^ '^1 ^9 ^9 ^^ figures of repetend. 
iO — 3 = 7 

Oy 8y 1, 8^ 9, 6^ 4^ ete^ uaiifc figures of products and 

remainders* 

(d) The repetend .6434782608695652173913 is not only the 
circulate equivalent to ^, but also, beginning at di^rent pointSy 
the same figures in the same order of succession, will be the 

repetend e^ual to* A, A, ^ ete., up t9 9| ; thus, ^f = .43478, 
etc, which beg^ wil^ the 2d figure of the eirculate equal to ^, 

Again, ^ = .34782, etc, which be^ns with the 3d figure of the 
circulate equal to ^ ; etc 

It will be observed that the numerator of the fraction equal 
to the several repeteads beginning with the successive figpre* of 

.043478> etc, is the remainder left when the precedkig figure of 
the drculate was obtained ; thus, when the first 4 of the circu- 
late was obtained, 8 was the remainder, and 8 is the numerator 

of the fraction equal to the circulate J4782, etc 

4.33. The following are all the fractions whose numerators 
sre a unit and denominators less than 100, which give perfect 
repetends, viz. |, ^, ^, fj, A, i^, t^ A and Vr- 

4133. When many figures in the decimal are required, the 
ptooesa maj be ahortened as fi^Uows : — 



290 



Ex. Reduce A to a decimal iracdon. 

29)1.00(.0d448A 
87 

ISO 
116 



140 
116 



240 
282 

8 

Having oontizined the operation b j the nsnal mode until a 
mall remainder is obtained, we write that remainder over the 
divisor, and annex the vulgar fraction so formed to the decimal, 
and so obtain 

(1) ^=z.OSUSfy. Multiplying this by 8, we have 

(2) A=.27586,V* Substituting this value of ^ in (1), we 
have 

(3) ^=.0344827586^^ Multiplying this by 6, gives 

(4) ^=*2068965517^. Substituting in (3), gives > 

(5) J5=.p34482758620689655173ft, Multiplying by 7, we 
have 

(6) A=.24137981034482758620}9. Substituting in (5), we 
have 

(7) A=-0844827586206896551724137931,034482758620Jf 

There will be nothing gained by continuing this process ; for, 
by Art 426, there cannot be more than 28 figures in the circu- 
late. Indeed, it will be seen that the figures begin to repeat al 
the 29th place. 
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S 48. CONTINUED FBACTIONS. 

434. A CONTINUED FRACTION IS a fraction whose ncmera* 
tor is a unit and whose denominator is a whole number plus 
firaction, and this latter fraction has a unit for its numerator and 
its denominator is a whole number plus a fraction, etc^ etc ; thna 



8-^ etc^ is a continued fraction* 

:43«S. A common fraction may be reduced to a gwwtjnned 
fraction as follows :— 

9 
.•81 17 1 , 

8 ^1+1 

8. 

17 

TUs process consists in, first, dividing both terms of -^ by 17 • 

17 1 
the numerator (129), which gives To = 01 9 * ^^^ ^ ^^ 

9 

., , 1 . . 17 1 

du> expression ^^, P^mg ^3 = ^.j 

17 1+8 

9, etc.,eto. 



430» In any axntinaed fracdoo, g ^ 1 

f+i ' 

9, the seTeral 
ample fractioiis are called inUgrtd frael%cn$ because their de- 
nomiiiaton are integers ; thus, ^ in the aibove is the 1st integra 
fraction; | is the 2d; | is the 3d; and ^ is the 4thintegral frac 
ticm. \ is also called the 1st ^approximating or converging froc' 

Hon; ^_, is the 2d approximating fraction, etc, etc 

1 

4S7« Continued fraetiona luwe mmj renaikaUe pn^Mftiea 
and important relations to mathematical 8ciaM». The inTcati* 
gation of these properties and relations being Algebraic is cmiit- 
tedy and a few of than only are here enumerated. 

(a) The nmmeraUm, of the 2d couTerging fraction^ when re- 
duced to a simple form, is the numerator of the Ist multiplied bj 
th^ denominator of the 2d integral fraction. The denandMOcr 
of *he ^d is equal to the denominator of the Ist multiplied hj the 
2d integral denominator, plus the 2d integral numerator. Again, 
the numerator of the 8d converging fraction is equal to the pro- 
duct of the numerator of the 2d by the 3d integral denominator, 
plus the Ist numerator. The denominator of the 3d b equal to 
the denominator of the 2d multiplied by the 3d integral denomi* 
nator, plus the 1st denominator. 

And, genercHgy of any 8 suocessiye conyerging fractions, the 
numerator of the 3d is equal to the numerator of the 2d multi- 
plied by the last integral denominator considered, plus the nume« 
rator of the 1st of the 3 converging fractions. The denominator 
of the 3d is equal to the denominator of the 2d multiplied by the 
8d integral denominator, plus the Ist of the 3 converging denomi^ 
nators. 

£x. Hhat are the sacoessive oonvexging fractions in the con* 



y 
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i 1 



8+1 

H-1 

4? 

8 
1 16 




2+1 -8 

5 

1 _67 

2+1 ~155 
8+1 

H-1 
i 

(b) The snooessiTe oonyerguig fbusdons are akemaftelj tM 
lai^ and too small ; the Ist, 3d, 5thy etc, too lai^ ; the 2d, 4th| 
$th, etc, too smalL The reason is obvious. The lat denomi- 
nator, 2, is npt large enough, .% the /roc^um, ^ is too large (59, f )• 
The 2d denominator, 3, is not lar^e enough ; .*. J^ is too larger 
and this added to the denom^iator, 2, makes that denominator too 
large and •-. the fraction too small, etc, etc 

(c) Anj <me of the converging fractions differs froei the ftBO> 
tbrn from which it is derived by less than the square of the re- 

8 
cq)rocal of its denominatcnr ; thus,-y differs from the value of tJbe 

/1\* 1 
above continued firacdon by less than f -=- j =7q* The successive 

approximating fractions approach nearer and nearer to the true 
value. 

(4) The pumerators of any two successive oonveri^ing fiao- 

25* 
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tkniSy when reduced to a common denominator, differ from eadi 

^ ' . ^ 16 8 112—111 1 

other byamut; ihus, ^-^^=—^^^=^. 

(e) The terms of everj approximating fraction are mntnalfy 
prime (94^ a. Note 2). 



' §49. CHANGES IN PEOPOETION- 

438* The antecedent and consequent of either couplet are 
called analogous terms ; and the two antecedents or the two eo>t^ 
sequents^ homologous terms* 

4139* Any change in the order or magnitude of the terms of 
a proportion which does not affect the equaUty of the ratios^ does 
not destroy the proportion. Hence, 



(a) (1) Given 






8 : 


: 4: 


: 6 


: 8 


2) Alternating (1) 






8 : 


: 6 : 


: 4 


: 8 


ip Inverting (1) 






4 . 


: 8 : 


: 8 


: 6 


(4; Utemating (3) 






4 : 


: 8 : 


: 8 


: 6 


(5) Inverting (1) and 


transposing 


couplets 


8 : 


; 6 : 


: 4 : 


: 8 


(6) Alternating (5) 






8 : 


; 4 : 


: 6 : 


: 8 


(7) Inverting (5) 






6 : 


: 8 : 


: 8 : 


: 4 


(8) Alternating (7) 






6 : 


: 8: 


: 8 : 


; 4 



These 8 forms are all manifestly true proportions, for, in mak- 
ing the changes, we have steadily kS^t in view the simplest test 
of proportionality (254). 

Can these 4 numbers be written in any other order? How 
many (379) ? Are the numbers in, any of these other orders in 
proportion ? 

(b) If any two analogous terms, or any two homologous tennt 
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De multiplied or divided by the same number, the proportion wiD 
be preserved ; thus, 

24 : 12 : : 16 : 8 24 : 12 : : 16 : 8 
Multiplying by 2 2' 3 8 

48 : 24 : : 16 : 8 24 : 12 :.: 48 : 24 

Agam, 24 : f2 : : 16 : 8 24 : 12 : : 16 : 8 
Dividing by, 8 ,8 [ 4 4 

8: 4:: 16:8 . 24 : 12 : : 4 : 2 

Again, 24: 12:: 16: 8 24 : 12 : : 16 : 8 

8322 6633 



72:36:: 8:4 4: 2:: 48:24 

None or these changes affect either r<xtio (244, e), .-. the pro- 
portion is preserved. 

Again, 24 : 12 : : 16 : 8 24 : 12 : : 16 : 8 

2 2 3 3 



48 : 12 : : 32 : 8 24 : 36 ; : 16 : 24 

Do the atpre operations affect the rcUtos^f How? Why 
(244, a and cj? Do they destroy the proportion f Why (250) ? 
Are there any other ways of multiplying or dividing the terms 
of a proportion without destroying the' proportion ? What are 
they? 

(c) If the terms of one proportion are multiplied or divided 
by the corresponding terms, of another, the products or quotients 
will be proportional ; thus, 



(1) 12 : 4 

(2) . 8 :2 



48:16 
4: 1 



: 192 : 16 
: 12:16 



(3) The terms of (1) X by those of (2), 96 : 8 

(4) « « « (1) -1. « '^ " (2), li : 2 

The reason is plain. In (3) the ratios are compounded of 
equal pairs of ratios, and are .% equal (249).- (4) is the reverse 
of (3). 



OoBOLLABT TO (c).r^If Hbe tUfooB of a fgapor&m be Bq^mnit 
eobed, etc^ or if the 2d, dd, etc^ roots be tak^i, tbe powen or 
roots will be proportional ; thus, 

If 8 : 2 : : 9 2 6, then 3« : 2« : : 9« :V. Whj (249, a) ? 

If 100 : 25 2 : 36 : 9, then v^lOO : V^5 : : ^36 : ^9. Why? 

(d) If two proportions have a common couplet, tibe remaining 
couplets will constitute a proportion ; for two ratios that are re»^ 
peetiyel J equal to the same ratio are equal to each other ; thus^ 

If 6:3:: 18: 9 or 8( 3c: 12:8 

and 6 : 3 : : 20 : 10 and 12 : 8 : : 16 : 4 
then 18 : 9 : : 20 : 10 and 8 ; 2 : : 16 : 4 



if two analogous terms of one proportion are like two 
homologous terms of another, then the four ranaining term^ will 
be proportional ; for, by alternation, the like terms may be made 
analogous; thus, 

Let 12 : 4 : : 15 : 5 I then by i 12 : 4 : : 15 : 5 
and 12 : 6 : : 4:2) alternation ( 12 : 4 : : 6:2 

•*. by the aboTc; 15 : 5 : : 6 : 2. 4 

The comparison of proportions having like terms may be 
varied in many ways. ^ 

(e) The analogous or homologous terms of a proportion may 
be increased or diminished by terms having tlie same ratio (409), 
withoui destroying the proportion ; thus, if 20 : 5 and 12 : 3 have 
the same ratio as 4 : 1, then 20 >|- 12 : 5 4- 3 : : 4 : 1 and 20 — 
12 : 5 -^3 : : 4 : 1, etc., etc. 

440* The changes that may be made on the terms of a pio- 
portion arej^ery numerous^ but they are reducible to a few gen- 
eral principles ; as, 

(a) jBy changing the order of the termSf 

(b) J^ muUiplying or dividing h^ the same number. 
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(c) By mtdUpJying or dividing the temu of one propartum tjf 
fkose of another y 

(c, Cor.) By involving or evolving the termSy ^. 

(d) By comparing proportions which have like termSy 

(e) By adding or subtracting terms of eqtud ratios. 

Remabk. — A ^uniliar acquaintance witli these changes win 
lireatlj facilitate the study of Algebra and the Higher Mathe- 
cnatics. 

4-4.lt A continued proportion is one composed of several 
ratios, in which the consequent of the 1st ratio is the antecedent 
of the 2d ; the consequent of the 2d9 the antecedent of the 3d, 
etc; thus, 

2 : 4 : : 4 : 8 : :'8 : 16 : : 16 : 32, etc 

4L43* In continued proportion the number of different quan- 
tities is one greater than the number of couplets and the 1st is to 
the 3d, as the square of any one of the antecedents is to the 
square of its consequent ; the 1st is to the 4th as the cube of 
either antecedent to the cube of its consequent, etc etc ; thuS| 
in the continued proportion given above 2 : 8 : : 2^ : 4^ or as 4^ : 
8«, etc 

Again, 2 : 16 : : 23 : 4« or as 16* : 32«, etc 

4L4.3* Three or four quantities are in harmonica! or musical 
proportion when the first is to the last as the difference between 
the first two is Jx> the difference between the last two ; thus, 20, 
16, 12, and 10 are in ha]:monical proportion, for 20 : 10 : : 20•— 
16:12— 10. 

4.44.* If the reciprocals of any arithmetical series of integnu 
numbers be reduced to a common denominator, any three con- 
Bccu^ ve numerators will be in harmonical proportion ; thus, take 
the scries 2, 5, 8, and 11, whose reciprocals are ^, ^, J, and -^^ 

= iih ilii ii%^ ^"^ ^^uj ^^^ ^^^ numerators are in harmonica) 
proportion ; for, 440 : 110 : : 440 — 176 : 176—110 and 
176 : 80 : : 176 — 110 : 110 — 80. 
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Again, take 9, 7, 5, 8, 1, whoee leaprocals are^, 4, }, ^^ 4 = 
lih «fc iff, Hf Mfc and we have 105 : 189 t : 135 — 105 
189 — 135, etc ete. 



150. THE CALENDAR AND CHRONOLOGICAL 

PROBLEMS. 

4L4LSm The only nataral and obvious divisions of time are 
dajSyvmonths (moons), and years. Other distinctions, such e. g* 
as hours, weeks, centuries^ etc, are artificial, and consequently 
different nations have made different divisions, and dated their 
reckoning fix>m different epochs, and thus there has been very 
great confusion in respect to dates. 

44.0* The Solar Year is the time occupied by the earth ir 
making one revolution in its orbit, as, c g. in passing firom th« 
vernal equinox (the time of equal day and night in the spring^ 
round to that point again. 

w 

44:7« The most ancient nations, by noting the time when a. 
vertical rod, called the «tylu8, cast the shortest shadow at noon in 
raccessive years, discovered that the solar year consisted of 365 
entire days ; but, by the aid of modem science, the year is found 
to consist of very nearly 365 days, 5 hours, 48 minutes, and 
49.62 seconds. 

448* Now, if a year were just 365 days, and the stylus cast 
the shortest shadow on the 21st of June this year, it would do 
Ihe same each succeeding year, perpetually ; but as a year is 
nearly 365| days, the shortest shadow, after the lapse of four 
years, would not be cast until June 22d, and not until June 23d 
in 4 years more.; and thus the summer solstice, (the time of the 
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shortest shadow,) would .occur oa CTexy successive daj in the 
year, 

4:4.9* To avoid this confusion, the Roman Emperor, Julius 
Cassar, in the year ^6 before Christ, introduced a day in Febru- 
ary every 4th year, and thus made every fourth year (bissextile or 
leap year) consist of 366 days ; but this correction was too great 
by more than 11 minutes a year, and consequently in about 129 
years tbe summer solstice would occur one day earlier, say June 
20th, and in 129 years more it would occur June 19th, and so on. 

, 4SO. At the tin^e of tbe Council of I^ce, A. D. 325, the 
Temal equinox was known to be on the 21st of March ; but, by 
following the rule given by Csesar, making every 4th year consist 
of 366 days, the Calendar liad been deranged 10 days before the 
time of Pope Gregory XIII, who, in the year 1582, to restore 
the equinox to the 21st of March, decreed that the year should 
be brought forward 10 days, by calling the 5th of Octobei} the 
15tli, and the succeeding days in order, 16th, I7th, etc, and, to 
prevent similar confusion afterwards he made this 

RuLE^-— j^er^ year whoBe number is dtvisihh hy 4, except 
those divisiUe hy 100 end not hy 400, shdU consist o/* 366 days 
and aU others of 365 days. 

4tlil* A Julian period of 400 years i^ thus three days longer 
than the same period by the Gregorian rule ; but this is not 
quite so much as the actual difference between 400 Julian and 
400 solar years ; for 400 Julian years are 146100 days, while 
400 solar years are 146096.896 -f days, and 146100—146- 
096.896 = 3.1 -f.. Thus even a Gregorian period of 4000 
years is a little more than 1 day longer than 4000 solar years. 
Ilad Gregory extended his rule by making the years 4000, 80QP| 
etc., to consist of 365 instead of 366 days, as they now do by his 
nilc, the error would be less than 1 day in 100000 years. 

493. Dates by the Julian Calendar are in old styfe (O S.^ 
and those by the Gr^^oriap are in new s^U (N. S.)- 
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4«S3. England did hot adopt the correctios made by Gregory 
until 1752, when the error in the Julian Calendar was 11 days. 
Then, bj act of Parliament, the jekt was brought forward 11 
days, by calling the 3d of September the 14th, and by the same 
act the year, which had commenced on the 25th of March, was 
made to commence on the 1st of January, thus making the year 
1751 consist of only about 9 months. 

4LS1M:* In consequence of correcting the calendar, English dates 
in old style and new, differ fix>m each other not only in the day of 
the month, but, for that part of the year preceding March 25th, 
they also differ in the number of the year ; e. g. Washington 
was bom Feb. 11, 1731, O. S., but, by new style, the date 
wOuld have been Feb. 22, 1732, and it is usual, in such cases, to 
write both years; thus, Feb. 11, 1731-2, O. S.; or thus, Feb. 
H.173J. t 

4LSS» In constructing a calendar, the first problem is to coa- 
nect the week with the year ; L e. to find the day of the week 
corresponding with any given day of any year. To do this the 
first 7 letters wof the idphabet are used, A to designate the 1st 
day of Jan., B, C, D, E, F and G for the 2d, 3d, 4th, .5th, 6th 
and 7th, and then A is repeated for the 8th and so on through 
the year. Consequently, ime of these 7 letters must stand for 
Sunday, This letter is called the Sunday Letter or Dominical* 
Letter ; thus, if Jan. begins on Sunday, A is the dominical letter 
for that year ; if Jan. begins on Monday, the 1st Sunday will be 
the 7th day, and .*. G, the 7th letter, will be the dominical letter ; 
etc, etc. Now, Jan. 1, 1854, was Sunday, and .*. A was the 
dominical letter for 1854 ; and as a common year consists of 52 
weeks and 1 day (= 365 days), 1854 also closed on Sunday : 
hence, 1855 began on Monday and G was the dominical letter 
for 1855. Again, 1855 being a common year, closed on Mon- 
day, and 1856 began on Tuesday, and .*. F was its dominioal 
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letter. Thus, if eveiy year consisted of 52 weeks and 1 day 
the dommical letters for successive years would be the 1st 7 
letters of the alphabet in retrograde order, G, F, E, D, C, B, A; 
but, as 1856 was leap year, it consisted of 52 weeks and 2 days, 
and .*. closed on Wednesday instead of Tuesday and consequently 
1857 came in on Thursday, and D, instead of E, is the dominical 
letter for 1857. 

Thus there is a break in the order of the dominical letters 
once in 4 years, and the series c^not return to its fipst state 
(i. e. the same days of the months return to the same days of the 
week) until 4 times 7 or 28 years, and even this order of succes- 
sion, in the Gregorian calendar, will be broken at the close of 
the century, because the hundredth year, though divisible by 4, 
is yet a conmion year (unless divisible by 400), and the visual 
break at the end of every 4 years will therefore not occur ; but 
this is easily obviated by a correction at the beginning of the 
centuiy. 

4:S6« It is customary to assign two dominical letters to each 
leap year, one for Jan. and Feb. and the next preceding letter 
of the alphabet for the rest of the year. This may be explained 
by designating the 28th and 29th of Feb. by the same letter ; 
thus, in 1856, F is the dominical letter for Jan. and Feb., and .% 
Thursday, the 28th of Feb., is designated by C, and if Friday, 
the 29th, is oho represented by C, then Saturday, March 1st, 
will be represented by D and Sunday by E. Tlie dominical 
letter for the greater portion of leap year is the one determined 
in the following table* 

4.97. This table was prepared by Samuel Maynard, an 
English mathematician, and by it we may readily find the domi- 
nical letter for any year and also the day of the week for any 
day of the year, both for old style and new, before and after 
Chnst, supposing these styles extended backward to the begin 
Ding of time and onward indefinitely. 

26 
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^ftjES* B7 this table may be obtained :*— 

(a) The day of the week when the year, month and day e^ 
the month are given ; thus, 

On what day of the week was Jmie 17, 1857 ? 

liook for the year, 57, in die left division of the table ; then 
pass to the light to the centmy column, 2, N. S., A. C^ and find 
D for the dominical lett» ; then find D in the line marked June 
and pass down that column until, against 17 in the days of .th< 
month, stands We^fnefdatff Ans, 

(b) The days <^ the month which occur in any given year 
monUi and day of the week ; thus, 

Thursday OQCUired on what days of May, 1657 ? 

Having found D, the dominical letter for 1857, take B in the 
same line with May, and pass down the column to Thursday, 
against which are found the 7th, 14th, 2l8t and 28th, Ans. 

(c) The years of a century in which any particular day of a 
l^ven month, a given day of the week occurs ; thus. 

In ^liiiit yean fd the 19th century does Friday occur on the 
12tbofJvme? 

First look in the line of the 12th of the month, near the bottmn 
of the table, imd find Friday ; thai ascend that CQlQ«#a to the 
line of June, where D is found ; take D in the century column, 
2, N. 8., A. a, and at the left wiU be found 1, 7, 12, IS, 29^ 35, 
40, 46, 57, 68, 68, 74, 85, 91, 96, Ans. 

(d) In what months a particular day of the month occurs on a 
given day of the week in a given year ; thus, 

In whajt months «f 1857 does Toeaday occur 011 lihe 8d of the 
month? 

Having found D to be the dominical letter ipr 1857 in the 
same line with%, near the bottom of the tabl^ find Tuesdays 
ascend that column to P, tb^ d((w#Pic4j letter, i^gai^st which find 
Fe|^«, Mar. and Nov., Ans. 
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4USft From the above it will be seen that, in aaj given ceo* 
tiuy, if any 3 of the 4 particulars, the year, month, day of the 
month and day of the week, be given, the other 1 can be found 
exactly or it can be limited to one of a few. ^ 

400. Ex. 1. What was the dominical letter for 1825, N. S., 
A. C. ? 1825 ^ 400 = 4 and a remainder of 225. 

Under 2 centuries N. S., A. C, and against 25 on the Ufl will 
be found B, the dominical letter for 1825, Ans. 

2. What was the dominical letter for 301, N. S., B. C. ? 

Under 3 centuries N. S., B. C, and agamst 1 on th6 right 
under N. S., will be found C, Ans. 

3. Find the dominical letter for 1751, O. S. 

1751 -1- 700 gives -a remainder of 351 and this gives F fiir 
dominical letter, A. C, and G for 1751, B. C, Ans. 

4. Give the day of the week corresponding io Sept 6, 1777, 
N. S., A. C. 

1777 jL. 400 gives a remainder of 177 for the tabular date. 
Under 1 century, N. S., A. C, and against 77 on the left is found 
E, the dominical letter. Under E in the line of Sept and against 
the 6th day of the month, near the bottom of the tabUy is Satur* 
iayy the day of the week requu^d, Ans. 

5. Give the day of the week for Nov. 18, 1816, N. S., A. C. 
• Ans. Wednesday. 

6. Also for Feb. 29, 1816, N. S., A. C. Ans. Thursday. 

NoTB. — ^InJBx. 6, take F, the Sunday letter, in the Ime of feb. 

7. Give the day of the week for April 1, 1725, O. S. 

Ans. Thursday, A. C, and Friday, B. C. 

On what day of the week did each of the following events 
occur, viz. : — 

8. The embarkation of Columbus ifrom Palos, Aug. 3, 1492^ 
O. S.? • Ans. Friday. 

9. The discoveiy of San Salvador, Oct 12. 1492 ? 

Ans. Friday. 
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10. The diacorexj cf Hie Amitfiean ooBdnent l^j Cabot^ Joty 
8, 1497, 0. S. ? Ads. Monday. 

11. Tlie settlement of Jamestown, May 18, 1607, O. S.? 

Ans, Wednesday. 

12. The setaement.of Pljmoiitli, Dec 2 V l^^^t ^- S* ? 

Ans. Monday. 
18. The battle of Lexington, April 19, 1775 ? 

Ans. Wednesday. 
14 The battle of Bunker Hill, Jane 17, 1775 ? 

Ans. Saturday. 
16. The Dedaratioa of Independence, July 4, 1776? 

Ans. Thursday. 

16. The surrender of Borgoyne, Oct 17, 1777 ? 

Ans. Friday 

17. The surrender of Comwallifl, Oct 19, 1781 ? 

Ans. Friday* 

18. The inauguration of Washingtonl April 80, 1789? 

Ans. Thursday 

19. Thr batde tofHeW OtIomis, Jaa. 8, 1815 ? 

Ans. Sunday. 

20. The battle of the Nile, Aug. 1, 1796 ? 

.Ans. Wednesday. 

21. The batde of Cape Tkafidgar, Oct 21, 1805 ? 

Ans. Monday. 

22. The battle of Waterloo, June 18, 1815. 

Ans. Sunday. 
2S. The batde of Borodino, Sept 7, 1812 7 

Ans. Monday. 
24. The battle of Chnrubusoo^ Aug. 20, 1847? 

Ans. Friday. 



* Tho landing of the Paritftns is celebrated Dec 22d ; bnt it ie Imoim 
that thdj landed on Monday, Dec. 1 1, 0. S. Now, the Julian and Grcgoriaa 
calendars agreed A. D. 200, aiid it is easy to prove that the error in thi 
Tnlian calendar, in 1620, was but 10 days, and also that Dec 21st» and Mb 
tad, 1620, was Mandag. 

26* 



85. An elderlj ladj says Bhe was bam on the last Tuesday 
gf May, 1775, N. S^ A. C; required the day of the month? 

Ans.30th. 

26. In what years of the 19th century, N. S., A. C, does the 
t9th of Feb. fall on Thursday? Ans. 1816, 1844 and 1872. 

27. In what years of the 19th century, N. S., A. C, is the 
19th of Feb. on Friday? Ans. 1828, 1856 and 1884. 

On what days of the week were the following births and 
deaths, viz.: — 

28. Shakspeare, bom April 23, 1564; died April'23, 161^ 
O. S. ' Ans. b. Sunday ; d. Tuesday. 

29. MHton, b. Dec. 9, 1608; d. Nov. 8, 1674, O. S.? 

Ans. b. Friday ; d. Sunday. 
80. Byron, b. Jan. 22, 1788 ; d. Apr. 19, 1824, N. S. ? 

Ans. b. Tuesday ; d. Monday. 

31. Whitefield, b. Dec. 16, 1714, O. S. ; d. Sept 80, 1770, 
N. S. ? Ans. b. Thursday ; d. Sunday. 

32. tfonathan Edwards, b. Oct 5, 1703 ; d. March 22, 1758, 
O.S.? • * 

33. Sir Matthew Hale, b. Nov. 1, 1609 ; d. Dec 25, 1676, 
O. S.? 

34. Lord- Bacon, b. Jan. 22, 1561 ; d. Apr. 9, 1626, O. S. ? 

35. Sir Isaac Newton, b. Dec. 25, 1642 ; d. Mar. 20, 1727, 
O. S.? 

36. Martin Luther, b. Nov. 10, 1483 ; d. Feb. 18, 1546, 0. S. ? 

37. Cromwell, b. Apr. 25, 1599 ; d. Sept 3, 1658, O. S. ? 

38. Napoleon, b. Aug. 15, 1769 ; d. May 5, 1821, N. S. ? 

39. Washington, b. Feb. 11, 1781, O, S.; d. Dec 14, 1799, 
N.S.? 

40. Lafayette, b. Sept 0, 1757 ; d. May 19, 1834, N. S.? 

41. Lord Chatham, b. Nov. 15, 1708 ; d. May 11, 1778. 

42. Dr. Franklin, b.\Ian. 17, 1706; d. Apr. 17, 1790, N.'S.? 

43. Noah Webster, b. Oct 16, 1758 ; d. May 28, 1843, N. S.? 

44. Daniel Webster, b. Jan. 18, 1782 ; d. Oct 24, 1852, N. a ? 

45. On what day of the week were ^au bom ? 
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46. On what day of the week does jour hirthdaj occur the 
present year ? 

401» Having found on what day of the week January com- 
mences m any given year, it is easy to determine on what day 
of the week each month oommencesy hy the following coux)let :-« 

At Dover Dwells George Brown Esquire, 
Good Carlos Finch And David Friar. 

The initial letters of the several words represent tKe months in 
their order, the Ist word the 1st month, the 2d word the 2d 
month, etc Now, if January comes in on Sunday, then D, the 
letter for February, being the Sd letter afler A, indicates that 
February comes in on Wednesday, 8 days later in the week. 
In leap years, the months afler February come in one day later 



S 51, APPLICATION OF ARITHMETIC TO 

GEOMETRY. 

4 

463. DSFIKITIOXS* 

1. A poifU has neither length, breadth nor thickness, but 
position only. 

2. A line has lengthy but no breadth or thjpkness* 

8. A right line^ or strmght line^ extends 
" only in one direction from one end of it to 
the other ; it is «lso the shortest distance between twO points. 

4. A curved line constantly changes its 
direction. 

5. A broken line is composed of two or mora 
straight lines. 

Note. -* The word line alone nsualljr signifies a straight Um* and ths 
word curvCf a curved /I'lis. 
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6. Two panBd Knes m« €?y ery w h ere eqaallj 
distant from each other ; •*• the j cannot meet 
if extended. 




7. Two fines are perpendieukBr to eadi 
dh^ when thef meet so as to foim righi 
an^ (329, De£ 10). 



8. Two lines are Migue to each other when 
thej meet so as to form aaUe or okwe aM^U$ 
(329, Def. 10),^ 

9. An anoy iurface or 9uperfieiet has Ungth and hreadlhf hot 
no thickness. 

10. Surfaces are plane or curved, 

11. A pkme surface is sndi thai, if emy two points are as- 
sumed upon it, the straight iine joining the points mU Ue ufkeXbf 
upon the surface. 

12. IVo planes which are eyeiywhere equallj distant are 
paraBd. 

13. A curved surface is constantly changing its direction ; as, 
e. g., the surfiM» o^a globe, the convex sui&ce of a cylinder, 
eone, etc i 

14. A plane figure is a plane sur&ce bounded hg Atraight or 
cunred lines. 

15. A polygon"^ a plane figure bounded bj straight Unes, 
Note. — Three straight lines, at least, axe required to bound a polygoii 

16. The broken line which bounds a polygon is call^ the 
perimeter of the polygon. 

17. A polygon of 3 sides is called a triangle ; of 4 sid^s. a 
quadrangle or quadrilateral; 5, a pentaaon; 6, a hexagon; 7, 
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a heptagon; 8, an octagon; 9j a nonagon; 10, a decagon; 11> 
an undeeagon ;• 12, a dodecagon; etc 

18. Triangles, with reference to their n<2», are divided jmto 
CAfiM classes: — 



Ist EquikUerat, when the three sides ar 
equal; 





2d. JkoMcdee^ when licro sides onlj' 
eqaal; and. 




Sd. Scalene^ when the three sides 
unequalj as A B C. 



19. Trianglesy with reference to their angles, are fflso divided 
into three classes : — 

Isl. The right'-angkd triangk, which has one right-angle ; (p. 
220, Fig. 3). 

2d. The oUuse^angled triangle, which has one obtuse angle, aa 
ABC, Def. 18 ; and, 

8d. The acute-angled triangle, which has (hree acuie angles^ as 
Fig. 1st and 2d, Def. 18. 

20. Quadrangles are of three kinds : — 




\ 



if~^» 



Ist Parallelograms, each pair 
oT tr^o^e opposite sides are parol' 
u., .. A B C D i 
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^d TVapezaidSy only (me pair of whose 
sic^ee are parallel ; and, 



E 




3d. jHrcp^umtf none of whose sides «n 
parsdleL 

21. ParaBelogrtim$ %te divided into Am^dasses:— 

Ist. £eetangle$f whoyd angles are all right (p. 221, Fig. 7) 
and, 

2d. (XKque-imgled pivxdlelogramSj whose opposite angles are 
equal, two of them being a^nUe and two oUusey as A B CD, 
Fig. 1st, Def. 20. 

22. JRectangies are cf two kindj : — 

1st. The square (p. 221, Fig. 8), wh^ch Is equilateral ; and, 

2d. The oUang rectangle (p. 221, Fig. 7),wbo8e adjaeeiU aidaa 
are unequaL 

23. Oblique-angled paraHdograms are cf two kinds ^— 



1st. 7%e rhombus or lozenge, which it 
equilateral; and. 



2d. The rhomboid^ whose adjacent sides are uneptcl, as A B 
C D, Fig. 1st, Def. 20. 

24. A regular polygon is one which is both equilateral and 
equiangular, " . 

The equilateral triangle and the square are regular pofygons, 

25. Similar polygons have the «am0 num^ (^Z* angles, all th# 
angles mutually equal, and the equal angles incbided between 
proportiomai 
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26. The apo(^6m of a rega]^r pol<* 
ygon is the perperutiadar drawn 
from the center of the polygon to 
the middle of either side, as XL Id 
the square^ and IK in the octagon. 



27. 7^ <fia^<>ria2 of a polygon is a line which joins the yertioee 
cf two angles that are not adjacent, as AC or AD. 




G 



F 



28. A eirde is a plane figare, 
bounded by a curve equidistant 
from a point within, called the 
center. 



29. The circumference of the circle is the bounding curve* 

80. An (xre is any part of the circumference, as BAF. 

81. A chord is a line joining the extremities of an arc, ai 
BF. 

82. A diameler is a chord passing through the center, as DF. 

33. A radius is the distance from the center to the circumfer- 
mce, as CB, CD, C£, etc 

84. A segment of a circle is the portion lying between an aro 
and its chord, as BAF. 

KoTB. — When the chord is dianuierf tiie oiv is temieircumference, and Ihi 
segmait is senUcirde, 

85. A sector of a circle is the portion lying between two nO 
and dieir induded arc, as BCD or DCE. 



t» 
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86. An eBip§e is a plane ilgaitsi 
bounded hj a curved line of such 
a fbnn, that the sum of the dis- 
tances of any poipt m the curve 
from two fixed points within, * 
equal to a ocmstant quandtj. 



The two Jbo$d pcintM are caOed the foci of the eUipae, as H 
and L 

The eontiant quaniii^ is equal to the longnt diameter of the 
eUipse, viz: AB, (he diameter which paueM through tbefod; 
lhu8,HD + DI = HF + FI = AB. 

S7. The trantcene axii is the longut diamder^ AB. 

38. The eonfugaiB axU is the $harte9t dEonMter, viz : £Dy thf 
diameter which is perpendicular to the trcmsverse axis. 



89. A tangent line is a line that Um^et a circle, dlipee^ or other 
ewve in one pointj and which cannot touch it in any other point, 
however far the line may be produced or extended in either di- 
rection, as 6£ in the cirde^ Oe£, 28, and KL or KM in the 
Mpee. 

40. A polygon is sadd ta ee ineerihed^in a circle or eHipse 
when the vertex of each ang ^ it in the bounding curve, as ABCD, 
ete^ Def. 26w 

The circle or ellipse is tl en said to be drcumacrihed about the 
polygon. 

41. A polygon is said t>be cireunucribed about a circle or 
ellipse, when each side oj the polygon is tangent to the curve, as 
ABCD, Fig. 10, p. 222. 

The circle or. ellipse is then said to be inscribed in the polygon* 

NoTB. — ^Mathematical points, lines, and surfaces, exist only in ijnagin*' 
don, bal wd use repraaMrtadoos of them to aid us in mafliemaiical inyeai^ 
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42. A solid or bocfy is a figure which has length, breadth^ and 
thickness. ^ 

43. A prism is a solid that has two 
simiiar, equal, parallel faces, called bcues, 
and all its other faces parallelograms. 

NoTB. — ^A prism is triangular, quadrangular, pentagonal, etc., accordinis 
I its bases* are tiiangles, quadrangles, pentagons, etc. 



44. K paraUdopipedon is 'a prism bounded 
by six parallelograms. 




If these six parallelograms are rectangleSj 
the parallelopipedon is rectangtdar ; if they are 
eqtud rectangles, it is a cube. 




45. A pyramid is a solid, having a polygonal face, 
called the &flw«, and all its other faces are triangles which 
meet at a common point, called the vertex of the pyramid. 



46. A right p%pumid is one whose base is a regtdar polygon, 
and in which the perpendicular let fall from the vertex to the 
base, passes through the center of the base. 

47. An oblique pyramid is one in which the perpendicular, 
from the vertex to the base, does not pass through the center of 
the base. 

Note. — A pyramid is triangular, quadrangular, etc., according as its 
^ase is a triangle, quadrangle, etc. 

48. A cylinder is a round body whose 
diameter is the same throughout its entire 
length, and whose ends or bases are 
equal, parallel circles. 
27 





50. Tbejrvttum of a pf/ramid or eau 
is the part remaining alter a por^oo 
next th£ rertex has been cut off hj a 
plane parallel to the base. 



61. A tPt^e is a solid bounded b;^ five plane fiices, one of 
which, called the baei, is a quadrangle, and usually a rectan^e, 
two pf them, called the endt, are triangles, and the other twO| 
called the tidti, are trapezoids or parallelograms. 

The line in which the sides meet is called the «dg« of the 
wedge. 

tJi3T8. — A right mdge has iCa b&ck and aides rectan^Ia, aad .-, its ends 
are pu»l]el to each other, and perpendicular to the back. 

52. A nctangvkar prigmoid is.a solid resembling the frustuni 
of a rectangular pyramid, but differing from it in this, that the 
trapezoids forming its sides, if extended, would not meet in a 
common vertex, but one piur of them would meet before the 
Other, and thus form a vedge instead of a pyramid. 

63. A fphen is a solid bounded by a 
curved surface, all parts of the surface 
being equally distant from a point williin, 
called the center. 

54. A dianteter of the sphere is a line 
passing through the center, aod Umitod u 
both directions by the surT^'W. 
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NoTB.— AIT diameters of the same sphere ore equal. 

SSr'A radius or semidtameUr of a sphere is the distance from 
the center to the surface. 

NoTB 1. — ^All radii of the same sphere are eqnal. 

Note 2. — ^If a plane be passed- through a sphere, the section so made 
will be a circle. If the plane passes through the center, the section is a 
great circle ; if it does not pass through the center, the section is a srnd? 
ctrc/e. 

56. A spherical segment is the portion of the sphere cut off by 
a plane, or the portion lying between two parallel secant or cut* 
ting planes. 

Note 1. — The sections formed hj the secant planes are the &a5es of the 
0Qgment8. 

Note 2. — A Hemisphere is the segment cut off hj a secant plane passing 
through the center. 

57. A zone is that portion of the surface of a sphere cut off bj 

a secant plane, or the portion included between two parallel 

secant planes. 
■ 

58. If two great circles intersect each other upon the surfad 
of a sphere, they Usect each other ; i. e. they divide each othet 
into two equal parts ; they also have a common diameter, 

59. The portion of the surface included between either pair 
of semicircles is called a lune^ and the portion of the sphere cut 
out by these two semicircles is called an ungtda or spherical 
wedge. 

60. If three arcs of great circles enclose a portion of the sur- 
&uce of a sphere, that portion is a spherical triangle ; if four or 
more arcs enclose a portion of the surface, such portion is a 
spherical polygon. - 

61. If planes be passed through the arcs of a spherical triangle 
or polygon, they will pass through the center of the sphere and 
form a solid angle at the center. The portion of the sphere lying 
between these planes is a spherical pyramid. 

62. A spherical sector is a portion of a sphere composed of 
a spherical segment and a cone having the same base as the seg 
menty and its vertex at the center of the sphere. 

NoTB 1 . — ^The segment, in this ooae, must have but one baa* 
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Note S. — ^If the sector la more tiian a hemisphere the cone muai be ntbinKt' 
edfrc/tn the segment instead of being added to it. 

Nors 3. — If a smaller sector, concentric wi(h a larger, be taken ont of ths 
Uurgei, the portion of the larger sector remaining, is also called a sector. 

63. The bcue of a figure is the side on which it is supposed to 
itand. 

Note .—Most figures are said to have two bases, an upper and a louxr base, 

64. The altitude of a figure is its perpendicular hight. 

(a) The altitude of a triangle is the perpendicular let fall upon 
the base from the vertex of the opposite angle, as C D, Fig. 1 1, 
U. 222, or upon the base produced, as C D, 3d Fig., Def. 18. 

(b) The altitude of a parallelogram is the perpendicular dis- 
tance between either pair of its parallel sides taken as baseSy as 
C E, 1st Fig., Def. 20. 

(c) The altitude of a trapezoid is the perpendicular distance 
between its parallel sides, as D A, 2d Fig., Def. 20. 

(d) The altitude of a pyramid or cone is the perpendicular 
distance yrom its vertex to its base or base produced, 

(e) The altitude of a prism, cylinder, prismoid, frustum of a 
pyramid or cone, spherical segment or zone is the perpendicular 
distance between its parallel bases. 

(f ) The altitude of a wedge is the perpendicular distance from 
its edge to iis back, 

64. The slant hight of a right pyramid is the perpendicular 
drawn from the vertex to either side of the polygon which forms 
the base. 

65. The slant hight of 2^rigl\i cone is the distance from the 
vertex to any point in the circumference of the base. 

66. . The slant hight of the frustum of a right pyramid is the 
perpendicular distance between the corresponding edges of the 
two parallel bases. 

67. The slant hight of tfie frustum of a right cone is the 
shortest distance between the circumferences of its two bases. 

Mensuration of Surfaces and Solids. 

4.03. The following are the problems in most frequent use 
in Mensuration, and the rules given for their solution are aO 
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easily proved bj Greometrical reasoning. However, no attempt 
is nuide to jyrove them in this* work, though some of them are 
famih'arly explained. 

4:04^. The <xpproximate ratio of the circumference of a circle 
to lib diameter, 3.141592, is indelibly fixed in the mind of every 
Geometer, and for this reason free use of it is made in the follow- 
ing rules ; for a like reason, rules depending on obvious and 
easily remembered principles are given in preference to others 
more brief, deduced from Algebraic formulas, which require the 
recollection of many and extended decimals. These shortei 
methods, however, are frequently given in a second or third rule, 

4MS* Prob. 1. — ^To find the area of a parallelogram. 
KujiE. — Multiply the hose hy the €dtitude. 

Ex. 1. What is the area of a parallelogram whose base is 10 
inches and altitude 4 inches ? Ans; 40 sq. inches. 

The reason is obvious in the rectangle A B C D, Art 75. ll 
is also apparent in Fig. 1st, Def. 20, that the triangle B C E, 
which is in the rectangle F E C D, but not in the rhomboid, 
A B C D is equal to the triangle A F D, which is in the rhomboid 
bul out of the rectangle ; .*. the rectangle and the rhomboid are 
equal ; i, e., aU parallelograms that have equal bases and equal 
altitudes have also equal areas, whether they are rectangular or 
oUique-angled ; hence the ride is universaL 

2. What is the area of a parallelogram whose base is 20 rods 
find altitude 7 rods ? Ans. 140 sq. rd. 

3. What is the area of a parallelogram whose base is 2 feet 
«nd altitude 3 inches ? Ans. 72 sq. in. 

4. What is the area of a rhomboidal piece of land whose 
adjacent sides are respectively 87 and 35 rods, provided the per- 
pendicular let fall from the vertex of one angl» meets the oppo- 
site base 21 rods from the adjacent angle at that base, assuming 
the longer sides for bases? Ans. 2436 sq. yd. 

406. Pbob. 2: — To find the area of a triangle. 

27* 
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Rule. — Multtply the hate by half the dUitudey or half the haae 
Vy the altitude. 

Ex. 1. What is tjie area of a triangle whose base is 10 inches 
and altitude 4 inches ? Aus. 20 sq. in. 

The diagonal of a parallelogram divides it into two equal tri- 
angles whose bases and altitudes are respectively equal to tite 
base and altitude of the parallelogram, Fig. 1st, Def. 20 ; i. e., the 
area of a triangle is one half the area of a paraSeloyram having 
the same base and altitude ; hence the rule. 

2. What is the area of a triangle whose base is 20 feet and 
altitude 7 feet ? Ans. 70 sq. (L 

3. Wliat is the area of a triangle whose base is 2 jairds and 
altitude 3 feet? Ans. 9 sq. ft. 

4. Wliat is the area of a triangle whose base is 75 feet and 
another side 35 feet, provided the perpendicular from the Vertex 
of the triangle meets the base or the base produced 28 feet from 
the angle formed by the two given eides? Ans. 787 J^ sq. ft. 

467. When the three sides of a triangle are given, its are^ 
may be found by the following 

*RuLE. — From the half surd of the three sides, subtract each side 
separately ; multiply together the half sum and three remainders^ 
and the square root of the continued product will be the area 
sought. 

5. The sides of a triangle are 6, 8 and 10 feet; what is its 
area? 

(6 + 8 + 10)-!. 2 = 12; 12 — 6=6; 12 — 8 = 4; 12 

— 10 = 2; ^12 X 6X 4X 2 = 24. Ans. 24 sq. ft. 

6. The sides of a triangle are, 7, 12 and 15 ; what is its area 

Ans. s/Tm = 41.23 + • 

468. Prob. 3. — ^To find the area of a trapezoid, 

Rule. — Multiply tlie half sum of the parallel sides by the aki' 
iudc, 

Ex. 1. The parallel sides of a trapezoid are 7 and 11 feet and 
it« altitude 4 feet ; what is its area ? Ans. 36sq. ft. 
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The diagonal of a trapezoid divides it 
into two triangles whose bas.es are the paral- 
lel sides of the trapezoid and whose common 
altitude is the altitude of the trapezoid ; 
hence the rule. 

f • What is the area of a trapezoid whose altitude is 6 and 
whose pax^?.l '^'Acs are 10 and 15 ? - Ans. 75. 

4.69. Ons important application of this Prob. is the measur- 
ing of a long irregular piece of land, bounded on one side by a 
straight line, as, e. g., a strip lying between a railroad and a river, 
Tunning nearly parhlisl * 

This may be done by ihe following 

KuLE. — Measure the long, straight bounding line, divide it 
into ct convenient number oj equal parts, and at the points of 
division and extremities oj the line erect perpendiculars and 
extend them to the opposite side of the lot ; then to the half sum 
of the extremje perpendiculars add the sum of all the intermediate 
perpendiculars, multiply this last sum hy one of the equal divi' 
sions of the straight line and the product will be the area, nearly, 

Ex. 8. There is a piece of land 20 rods long, 2 rods wide at 
one end and 4 rods at the other, and at* 3 intermediate points 
equally distant from each other it is 3, 4 and 2 rods wide as 
represented in the -figure ; what is its area ? 

I* 

20 -7- 4 = 5, length of one division* 

4 (r+3 + 4 + 2 + i)X5=60sq.ixL 

Ans. 

A6B5C5D5E 

This is upon the supposition that the irregular lot is divided 
into trapezoids, the perpendiculars bping the parallel sides of the 
trapezoids and one of the equal divisions of the straight bound- 
ing line their common altitude ; thus, the measure of A B I K 

2 4-3 3 -+- 4 

= ~^X 5 = 12.5; BCHI = 2^ X 5 = 17.5i 
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CDGH= ^-i^ X5 = 15; and D E F Gk= --ii X 6 

== 15 ; •*. the sum of the four trapezoids, i. e. the entire lot = 
12.5 -J- 1 7.5 -f- 15 -|- 15 = 60 sq. rods ; or it may be represented as 
■ .2 + 3 , 3 + 4 , 4 + 2 , 2 4-4x • /2 . 

4\ 
+ 8 + 4 + 2 + -] X5=: eOsq.rods, as before. 

4. There is a strip of hind 24 rods long, 3 rods wide ^t ona 
end and 5 rods at the other, and at 5 equidistant intermediate 
points it is 6, 4, 7, 5 and 3 rods wide } what is its area ? 

Ans. 116sq. rods. 

Note I. — ^If the strip eomes to a pohit at one or both ends, then one or 
each extreme perpendicular becomes zero' and the role is equally applicable^ 
for then one or each extreme trapezoid becomes a triangle. 

NoTB 2- — If the form of the land is sueh as to make it more convenient, the 
perpendiculars may be erected at uneqtud distances from each other, the 
trapezoids and triangles calculated separately, and the sum. of their areas 
will be the entire area of the lot. 

4L70* Pbob. 4. — ^To fihd the area of any regular polygon. 

Bulb 1. — Multiply the perimeter of the polygon hy half iU 
apothem^ * 

Ex. 1. One side of a regular hexagon is 10 feet and its apo- 
them is 8.660254 feet, nearly ; what is its area ? 

6 X 10 X i-^-»j>-aJ^ = 259.80762sq. ft., Ans. 

If lines be drawn from the centre to the vertices of all the 
angles the polygon will be divided into as many equal triangles 
as it has sides, the sides of the polygon being the bases of the 
triangles and the apothem of the polygon being their comnum 
altitude ; hence the nile. 

2. Each side of a square is 10 feet and its apothem 5 feet , 
what is its area ? . Ans. lOOsq. ft. 

3. A side of a regular octagon is 10 and its apothem 12.07106S 
what is its area? Ans. 482.84272. 
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4L71* The areas of all similar figures are to each other aa 
the squares of their homologous sides (330, 9), .'. we may more 
readily obtain the areas of regular polygons by reference to a, 
table in which the areas of the regular polygons <ire given when 
each side is a unit n 



The following is such a 



TABLE. 



Name. 


No. Sides. 


Apothem. 


Area. 


Triangle, 


3 


0.2886751 


0.4330127 


Square, 


. 4 


0.5000000 


1.0000000 


Pentagon, 


5 


0.6881910 • 


1.7204774 


Hexagon, 


6 


0.8660254 


2.5980762 ' 


Heptagon, 


7 


1.0382607 


3.6339124 


Octagon, 


8 


1.2071068 


4.8284271 


Nonagon, 


9 


1.3737387 


6.1818242 


Decagon, 


10 


1.5388418 


7.6942088 


Undecagon, • 


11 


1.7028436 


9.3656399 


Dodecagon, 


12 


1.8660254 * 


1. 1961524 



KiJLE 2. — Square on^ side of the polygon whtse area it 
required^ multiply this square by the tabular area of the polygon 
having the same number pf sides,and the product will be the area 

sought, • 

• ^ 

Ex. 4. What is the area of a regular triangle, square, hexagon 
and dodecagon, one side of each being 10 inches ? 

• sq. in. 

Triangle = 0.4330127 X 10' = 4^.30127 ' 



Square = 1. 



X 10' = 100. 



Hexagon = 2.5980762 X 10' = 259.80762 
Dodecagon = 11.1961524 X 10* = 1119.61524 



^-Ans. 



5. What is the area of a regular octagon, one of whose sides 
18 5 rods ? Ans. 120.7106775 sq. rods. 

6. What is the area of a regular dodecagon whose side is 8 ? 

Aps. 716.5537536 
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4:73« Prob. 5. — To find the area of a tn^zinm or of aiij 
irregular polygon of more than 4 sides, 

Rui^E. — DitfidB the polygon into triangle* by drawing diago- 
nals from the vertex of one angle to the vertices of aU the oppo- 
site angleSy and the sum of the areas of these triangles wiU he tki 
area soughL 

473* PsoB. 6.IJ — To find the circomference of a cirde when 
the diameter is given, 

Rdle. — Multipfy the diameter hy 3.141592, and the product 
wiU he th4 circumference^ nearly. 

Ex. 1. What is the drcomfeience of a circle whose diameter 
IS 10 miles ? Ans. 31.41592 miles. 

2. What is the ctrcomference of a circle whose diameter is 
25 feet ? Ans. 78.5398 feet. 

474:« PiF OB.' 7. ^- To find the length of an arc of a circle 
containing a given number of degrees, 

Rule. — Find the length of the whole circumference, and then 
say, as 360® is to the number of degrees in the arc, so is the 
length of the circumference to the length of the arc. 

Ex. 1. What is the length of wi arc of 45® in a circle whose 
diameter is 10 inches ? Ans. 3.92699 inches. 

2. What is the length of an arc of 30® in a circle whose radius 
is 12^ feet ? Ans. 6.5449| feet 

47«l^. Pbob. 8. — To find the diameter of a circle when the 
circumference is given, 

Rule. — Divide the circumference hy 3.141592, and the quo* 
tient wiU he the diameter, nearly, 

Ex. 1. What is the diameter of a circle whose drcumferenoe 
b 314.1592 inches ? Ans. 100 inches. 

2. What is the diameter of a circle whose circumference ia 
87.964576 barlejcoms? Ans. 28b.a 
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4:76. Paob. 9. — To find the area of a circle when its 
diameter is given, 

Rule 1. — First find the circumference (Proh, 6.), and then 
muUiply the circumference hyjicdf the radius. 

This rule is founded in the hypothesis that a circle is made up 
of an infinite number of triangles whose vertices are at the cen- 
ter, and whose bases together constitute the circumference ; tlma, 
in the circle, Def. 26, first inscribe a square B D F H, and then 
a regular octagon ABCDEFGH, and we readily see that the 
area of the octagon is nearer like the area of the circle than that 
of the square is, and t^e perimeter of the octagon is more neiu*ly 
equal to the circumference of the circle than the perimeter of 
the square is ; so, also, if the square and octagon be divided into 
triangles by drawing lines from the center to the vertices of the 
angles, the altitude I K of the triangles which compose the octar 
gon is more nearly equal to the radius of the circle than the 
altitude I L of the triangles that compose the square is ; and the 
more sides there are to the inscribed polygon, the more nearly 
will the altitude, the sum of the bases and the sum of the areas 
of the triangles, respectively, approach to the radius, the circjin^ 
ference and the area of the circle ; hence the correctness of the 
rule. 

Ex, 1. What is the area of a circle whose diameter is unity i 
Since the diameter is 1, the circumference is 3.141592 (330| 
8) ; .-.3.141592 X i = .785398, Ans. 

2. What is the area of a circle whose radius is unity ? 

3.141592 X 2 = 6.283184 = circumference ; 6.283184 5< i 
= 3.141592 = area, Ans.; i. e., when the radius is unity, the 
urea of the circle is expressed by the same figures that indicate 
I lie ratio of the circumference to the diameter. 

4:77'« Now, since th"^ areas of circles are to each other as the 
squares of their diameters, or as the squares of their radii (330 ^\ 
we have from the two preceding examples. 
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To find tbe area of a drde^ 

Rule 2. — Multiply the tquare of the diameier by the (fecMMi 
785398; or, 
Bulk 3. — Multipfy the square^ the radius hy 3.14I5D2. 

Ex. 3. What is the area of a circle whose diameter is 10 
idches ? Ans. 78.539S sq. in. 

4. What is the area of a drde whose diameter is 5 rods ? 

Ans. 19.63495 sq.rd. 

5. What is the area of a drde whose radius is 100 miles ? 

Ans. 31415.92 sq. miles. 

6. What is the area of a cirde whose radius is 25 yards ? 

Ans. 1963.495 sq. yards. 

4:78. Pbob. 10. — To find the area of a circular sector, 

Rule 1. — ISrst find the area of the whole circlsy and then 
way, as 360^ is to the number of degrees in the are of the sector, 
so is the area of the circle to the area of the sector f or. 

Rule 2. — First find the length of the arc of the sector, and 
then multiply this length by ^ the radius, 

Ex. 1. What is the area of a circular sector whose arc is 90* 
in a circle whose diameter is 10 feet ? Ans. 19.63495 sq. fl. 

2. What is the area of a sector whose arc is 120**, in a circle 
whose radius is 100 miles ? Ans. 1047 1.97^ sq.m. 

479. Pr.ob. 11. — ^To find the area of a circular segment, 

Rule. — Find the area of a sector having the same are as the 
segment, also of a triangle formed by the chord of the arc and 
thejwo radii of the sector, and then take the triangle from the 
sector if the segment is^ less than semicircle, and add the two 
together if if is greater. < 

Ex. 1. What is the area of a circular segment whose arc u 
120® in a cirde whose radius is 100 miles ? 

Ans. 6141.846^sq.m. 

2. What is the area of a segment whose arc is 60** in a circle 
whA6« radius is 100 miles? Ans. 905.859§ sq.iii. 
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480. Prob. 12. — To find the area of a cirde when itt 

urcumfercDce is given, 

Rule. — Find the diameter hy Prob. 8, and the area hy Prob, 9. 

. Ex. 1. What is the area of a circle whose circumference is 
814.1592? 

814.1592 -^ 3.141592 = 100, the diameter. 
.785398 X 100» = 7853.98, the area, Ans. 

2. What is the side of a square whose area is equal to that of 
a circle whose circumference is 87.964576 miles? 

Ans. 24.814 miles. - 

4IS1. Prob. 13. — The diameter of a circle being given to 
find the side of an inscribed square, 

Kui.£b — Extract the square toot of half of the square of the 
duxmeter* 

The diameter A C divides the inscribed 
square into two equal right-angled, isos- 
celes triangles, of which A C is the hy- 
pothenuse, .-. A C2==AB'^ + B C^ = 2 




AB^.-.AB»=:^andAB=^ ^ 

2 N 2 . 

and this is the enunciation of the rule. 

Ex. 1. The diameter of a circle is 20 inches ; what is the side 
of the inscribed square ? 
20* = 400 ; 400 -i- 2 = 200 ; and ^^200 = 14.142 inches, Ans. 

2. The diameter of a circle is 25 ; what is the side of the in- 
scribed square ? \/¥' = \/312.5 = 17.677, Ans. 

3. What is the side of the greatest square stick of timber that 
can be hewn fix)m a cylindrical log 40 inches in diameter ? 

Ans. 28.284 inches. 

4. The circumference of a circle is 314.1592 ; what is the 
side of the inscribed square ? Ans. 70.71. 

483. Prob. 14. — Having given the diameter of a dide tn 

28 



M6 



BVmsMMXhlm 



find tbe ride of a r^olar inscribed hexagon and of an eqalLUeial 
tiriangley 

Rule Iw — The radius of the circle it equal to the side of the 
hexagon and the square root of three times the square of the radius 
is equal to the side of the triangle. 



B 




Th^ radius of the drde being equal 
to the side of the hexagon, A B D I, is 
a rhombus, and A B, B D, D I, and I A 
are each equal to I B. Now it is easilj 
proved bj Greometry that the sum of the 
squares of the four sides of a parallelo- 
gram is equal to the sum of the squares 
P2 of its two diagonals ; .*. A B^ -4- B D' 
+ DI9 + IA*=IB* + AD«; Le- 
4AB«or41Ba=IB*-fAD«; .•• 



8IB*=AD* and AD = V3IBS 
which agrees with the enunciation of -the rule for finding the side 

of the inscribed equilateral triangle. 

Ex. 1. What is the side of the regular inscribed hexagon and- 
of the equilateral triangle, the diameter of the circle being 10 
feet? 

Side of hexagon = 5 feet, "^ 

Side of triangle = V3X5« = \/75 ft. j ^^^^ 



Again, 



= VI * — -5 * = \/-75 = .8660254 and A D = 1.7320508 ; .-., 
sines all like lines of similar figures are proportional (330, 9), 
we may find the side of the inscribed equilateral triangle hj 

Rule 2. — MvMply the diameter of the circle hy the decimal 
8660254; or, 

BuLE 3. — Multiply the radius of the drde hy 1.7320508. 

Ex. 2. A round log is 24 inches in diameter ; what is the side 
of the greatest equilateral- triangular beam that may be sawD 
finam it ? Ans. 20.784b in. 
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8. The circumference of a circle is 87.964576 ; wIuU. is the 

aide of the inscribed regular hexagon and triangle ? 

Hexagon 14. > * 

• Triangle 24.2487112,]"-^^ 

4:83. Pbob. 15. — ^To find the area of an ellipse, 

KiJLE. — Multiply the product of the semi-axes by 8.141592. 

Note. — The proof of this rule is found in Conic Sections ; howeyer, it if 
perfuctlj analogous to the 3d rule, Prob. 9, for finding the area of a circU ; 
for the distance from the center of the ellipse to either focus is the eooen- 
tridty of the ellipse,, and as this eccentricity becomes less, the ellipse mora 
nearly approaches a circular form until, when the eccentricity becomes 0, 
the ellipse becomes a circle, and then the product of the semi-axes becomes the 
aquare of the radius. 

Ex. 1. The transverse axis of an ellipse is 20 inches and the 
conjugate axis 16 inches ; what is its area ? 

^X^X 8.141592 = 251.32736 sq. inches, Ans. 

2, The axes of an ellipse are 30 and 18, what is its area? 

Ans. 424.11492. 

8. The semi-axes of an ellipse are 12 and 10, what is its area? 

Ans. 376.99104. 

4:84:« Pbob. 16. — To find the convex surface of a right 
prism or of a right cylinder, 

Rule. — Hfidtiply the perimeter or circumference of the base hff 
the altitude of the solid, . * 

Note 1 .-.—This rule is evidently true for the prism, from Prob. 1 ; and it 
b equally true for the cylinder, since the convex surface of the cylinder ii 
made up of an infinite number of rectangles. 

Note 2. — ^If the entire surface of the solid is required, the area of the two 
bases must be added to the convex surface. 

• 

Ex. 1. What is the convex surface of a right prism whose 
altitude is 40 inches, and the perimeter of whose base is 60 
inches ? Ans. 2400 sq. in. 

2. What is the entire surfiw^e of m right prism whose altitude 



, 888 SUFFLBMlUfA. 

is 10 and whose base is a Tegolar hezagoiiy hav^ing nnity for ii< 
side? Ans. 65.1961524. 

3. What is the convex sorface of a right cylinder whose alti- 
tude is 12 inches and the circumference of whose base is 18 
inches? Ans. 216 sq. in. 

4. What is the entire surface of a right cylinder whose altitude 
b 25 inches and the radius of whose base is 5 inches ? 

Ans. 942.4776 sq. in. 

5. What is the convex. surface, what the surface of the two 
bases, and what the entire sur&ce of a right cylinder whose alti- 
tude and diameter is each 4 feet ? sq. ft. « 

Convex surface = 50.265472 ) 

Surface of two bases = 25.132736 >• Ans. 

Entire surface = 75.398208 } 

Reuakk. — ^The cylinder in Ex. 5 will evidently circumsenbe 
a sphere of 4 feet diameter and the hctse of the cyHnder is equal 
CO a great circle of this sphere. It will aliso be observed from the 
answer to Ex. 5 that the surface of the two bases is just \ the 
convex sur&ce of the cylinder, and .*. thai the surface of one base 
is ^ the convex surface of the cylinder ; hence the entire surface 
of the cylinder is just 6 great circles of the inscribed sphere. It 
is also easily proved that the surface of the sphere is equal to 4 
gi*eat circles ; hence (he surface of the sphere is equal to the con' 
vex surface of the circumscribing cylinder and the surface of the 
sphere is to the entire surface of the cylinder as 4 to 6, i. e., as 8 
to 3. Tlie solidity of the sphere is also to the solidity of the 
cylinder in the same ratio, viz., 2 to 3. 

N. B. The learner will observi that only those cylinders 
whose diameters and altitudes are equal, can have inscribed 
spheres ; hence these relations of sur&ces and of solidities hold 
only in such cylinders. 

4SS. Frob. 17. — ^To find the convex surfacr of a right 
pyramid or .of a right cone. 

Rule. — MvUiply the perimeter or circumference of the base b^ 
half the shni hight of the soUd 
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Nora 1. — ^If the entire snrfaoe is desired, add the area of the base. 

NoTB 2.---This is but an application of Prob. 2. The convex surfsxie cl 
the cone is made np of an infinite number of triangles whose vertices are at 
the apex of the cone, and whose bases make np the circumference of the 
base of the cone. 

Ex. 1. What is the convex surface of a right pyramid ^hose 
■lant hight is 18 inches and the perimeter of whose base is 27 
Inches ? Ans. 243 sq. in. 

2. What is the entire surface of a. right octagonal pyramid 
whose slant hight is 20 feet, and each side of whose base is 2 
feet? 4 Ans. 179.3137084 sq. ft. 

3. What is the convex surface of a right cone whose slant 
highit is 30 yards and the circumference of whose base is 24 
yards? Ans. 360 sq. yd. 

4. What is the entire surface of a right cone whose slant 
hight is 60 inches and the radius of whose base is 50 inches ? 

Ans. 17278.756 sq. in. 

4:80« PsOB. 18. — ^To find the convex sur&ce of the frustum 
of a right pyramid or of a right cone, 

Rule. — MviJIiijply the half 9um of the perimeter' or ctrcumfer' 
enees of the two oases hy the slant hight of the soUa, 

NoTB 1. — ^If the entire surface is wanted, add the areas of the two bases. 

Note 2, — This rule is an applanation of Prob. 3. The convex surface of 
the frustum of a cone is composed of an infinite number of trapezoids whose 
longer bases make up the circumference of the lo'«^er base of the frustum 
«nd whose shorter bases make up the circumference of the upper base. 

Ex. 1. What is the convex surface of the frustum of a right 
pyramid whose slant hight is 6 feet and the perimeters of whose 
bases are 5 and 15 feet? Ans. 60 sq. ft. 

2. What is the entire surface of the frustum of a right penta . 
gonal pyramid, one side of the lower base being 4, one side of 
the upper base 2,- and the slant hight 7 ? 

Ans. 139.409548. 
28* 
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8. Wliat i<a the convex surface of the frustum of a right oone 
whose slant hight is 27 inches and thf circumferences of whose 
bases are 33 and 27 inches ? Ans. 810 sq. in. 

4. Wliat is the entire surface of the frustum of a right cone 
whose slant hight is 25, the circumference of whose lower base 
is 314.1592 and the radius of the upper base 40 ? 

Ans. 19949.1092. 

4.8T. Prob. 19. — ^To find the surface of a sphere, 

Rule. — Multiply the circumference hy the diameter. 

Note. — The sarface of a sphere equals 4 great circles of the same sphere 
(Prob. 1-6, Remark), and, as we find the area of a circle by multiplying the 
drcomfcrence by ^ radius or X diameter (Prob. 9, Rule 1), so we find the 
furfaco of the sphere by the above rule. 

Ex. 1. What is the surface of a sphere whose radius is 50 
inches ? Ans. 31415.92 sq. in. 

2. What is the surface of a sphere whose circumference is 
87.964576 feet ? Ans. 2463.008128 sq. ft 

8. Suppose our earth to be a sphere whose radius is 4000 
miles, what is its surface ? Ans. 201061888 sq. miles. 

4. What is the surface of the sim, supposing it to be a sphere 
whose diameter is 896000 miles ? 

Ans«2522120328072 sq. miles. 

488. Prob. 20.— To find the area of a spherical zone, 

KuLE. — Multiply the circumference of a gre<U circle hy ih$ 
altitude of the zone, 

Ex. 1. What is the area of a zone whose altitude is 10 inches, 
the radius of the sphere being 50 inches ? 

Ans. 3141.592 sq. in. 

2. Suppose the circumference of the earth is 25132.730 miles, 
and Ihat the altitude of the torrid zone is 3186 miles, what is tlie 
area of that zone ? Ans. 80072896.896 sq. miles. 
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8. What is the area of the north temperate zone of the earth| 
it being 2076 miles in altitude ? Ans. 52175559.936 miles. 

4. What is the sirea of the north frigid zone of the earth, its 
altitude being 331 nules ? Ans. 8318935.616 miles. 

Do the results in the 3 last examples correspond with the 
result ir Ex. 3, Prob. 19 ? 

4:89* Pbob. 21. — ^To find the area of a lune, 

Rule. — First find the surface of the sphere^ and then say as 
860® is to the number of degrees in the angle of the lune, so it 
the surface of the sphere to the surface of the lune. 

Ex. 1. What is the area of a lune whose angle is 36,® cm a 
sphere whose radius is 4000 miles ? 

Ans. 20106188.8 sq.' miles. 

2. What is the area of a lune whose angle is 18% the diame* 
ter of the sphere being 896000 ? Ans. 126106016153.6. 

4:90« Fbob. 22. — To find the area of a spherical triangle, 

Rule. — Hairing found the surface of the sphere^ add together 
the three angles of the triangle ; from their sum subtract 180®, 
divide the remainder by 90®, and multiply \^ of the surface of the 
sphere by the quotient. 

Ex. 1. What is the area of a triangle whose angles are 80®, 
90®, and 130®, on a sphere whose radius is 4000 miles ? 

Surface of sphere = 201061888 (Prob. 19) ; J surface of 
sphere = 25132736. 

190® 
80® + 90®+ 130® — 189® = 120®; ~=i 

25132736 X i = 33510314 f sq. miles, Ans. 

Note. — The aum of all the angles of a plane triangfle is always « right 
mgr^f i. 0. ISO**, but the sum of all the angles of a spher'uxd triangle is an/ 
qaMititj more than 2 and less than 6 right angles. 
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2. The angles of a triangle are 100^, 150% and 110% on m 
ephere whose diameter is 10 inches ; what is its area ? 

Ans. 78.5398 sq. in. 

401* Prob. 23. — ^To find the area of a spherical polygon, 

Rui.E. — IVom the mm ofaUthe angles of the polygon suhtradL 
180® as many times less twoy as there are sides to the polygon ; 
divide the remainder by 90®, and mvJtiply \ the surface of the 
sphere by the quotient. 

Ex. 1. On a sphere whose radius is 50 feet, the angles of a 
hexagon are 100% 105% 125% 140% 150% and 160® ; what is the 
area of the hexagon ? 

\ surface of sphere = 3926.99 

100® + 105® + 125® + 140® + 150® + 160® — 180® X 4 = 
60®; 60® -i. 90® = 4; 

3926.99 X f = 2617.99 J sq. feet, Ans. 

2. What is the area of a pentagon on a sphere whose circum- 
ference is 15.70796, the angles being 150% 119® 30', 75% 145% 
and 170® 30' ? Ans. 1 3.0899 1. 

40S. Prob. 24. — ^To find the solid contents of a prism w 
of a cylinder, 

Rule. — Multiply the area of the base by the altitude. 

Note. — ^It is easily proved that the solidity of every prism or cylinder if 
equivalent to that of a rectangular parallelopipedon having an equivalent 
base, and the same altitude (77) ; hence the rule. 

Ex. 1. What is the solidity of a prism whose base is 16 square 
feet, and whose altitude is 8 feet ? Ans. 128 sol. ft. 

2. What is the solidity of a prism wTiose altitude ig 20 inches, 
and whose base is a regular nonagon, having 3 inches for its 
aide? Ans. 1112.728356 soL in. 

3. What are the solid contents of a cylinder whose altitude ia 
25 feet, and the radius of whose base is 6 feet ? 

Ans. 2827.4328 soL it 
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4. What is the solidity of a cylinder whose altitude is 2 feet, 
and the diameter of whose base is 10 inches ? 

Ans. 1884.9552 sol. in. 

4:93. Pbob. 25. — To find the solidity of a pjnramid or of a 
cone, 

Rule. — Multiply the area of the base hy^ of the altitude. 

Note. — The solid contents of a pyramid or cone are found by Geometry 
to be just one-third the contents of a prism or cylinder having the same 
oase and altitude. 

!E}x. 1. What is the solidity of a pyramid whose altitude is 
27 inches, and whose base is 56 square.inches ? 

Ans. 504 sol. in. 

2. What are the solid contents of a pyramid whose altitude is 
8 feet, and whose base is a regular dodecagon, having ten inches 
for its side ? Ans. 13435.38288 sol. in. 

3. What is the solidity of a cone whose altitude is 12 feet, and 
the radius of whose base is 12 inches ? 

Ans. 21714.683904 soL in 

4. What is the solidity of a right cone, whose base is 16 inches 
in diameter, and whose slant hight is 10 inches ? 

Ans. 402.123776 sol. in. 

4:94:. Prob. 26. — ^To find the solidity of the firustum of a 
pyramid or of a cone. 

KuLE. — Add the. areas of the two bases and their mean propor- 
tional (257, a) together, muUiply this sum by ^ oft/ie altitude, and 
the product will be the solidity. 

Note. — This rule is founded on the Greometrical principle that the solid- 
ity of the frustum of a pyramid or of a cone is equivalent to the solidity 
of three p}Tamids or cones, laving a common ahitude with tlie frustum, and 
for bases, the lower base of the frustum, the upper base of the frustum 
and a mean proportional between these bases. 

Ex. 1. What is the solidity of the frustum of a pyramid whose 
altitude is 12 inches, and whose bases ai*e the one 16 and tlie 
other 9 inches square ? 
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1 6' = 256, lower base 
0^= iBl, upper base 



\/256 X 81 = 144, mean between the bases. 

481 X 4 = 1924 sol. in., Ans. 

2. The altitude of the frustum of a pjramid is 18 feet, thfi 
area of its lower base 81 feet, and of its upper base 36 feet i 
what is its solidity? Ans. 1026 sol. ft. 

3. The altitude of the frustum of a cone is 30 inches, and thf 
areas of its bases are 225 and 64 feet ; what is its solidity ? 

Ans. 588960 sol. in. 

4. The altitude of the frustum of a cone is 15, the radius of 
its lower base is 5, and the circumference o£ its upper base is 
18.849552 ; what are its solid contents ? Ans. 769.69004. 

40tK. Prob. 27.— To find the solidity of a wedge, 

BuLE. — To twice the length of the hack, add the length of ihs 
edge ; muUipli^this sum hy the breadth of the backy. and this prth 
duet hg i of the akitude ; the last product will he the contents of 
the wedge. 

Ex. 1. The back of a wedge is 30 inches in length by 20 
inches in breadth ; the edge is 25 inches, and the altitude 36 
inches ; what is its solidity ? 

(30 X 2 + 25) X 20 X ^ = 10200 soL in., Ans. 

2: The back of a wedge is 12 inches long' by 6 wide ; its edge 
18 15 and its altitude 18 ; what is its solidity ? 

Ans. 702 inches. 

496. Prob. 28. — To find the solidity of a rectangulur 
prismoid, 

Rule* — To the sum of the areas of the two bases add 4 time^ 
the area of a section parallel to and equally distant from the two 
bases, and this latter sum multiplied by ^ the altitude of tlie prit' 
moid wiU give the solidity. 



APPLICATION TO GEOMETBT. 835 

TSlim I.- -This rale will give the contents of any prismoid. 

Note 2. — A rectangular prismoid may be divided into 2 wedges by pass- 
ing a plane through the opposite parallel edges of the upper and lower bases, 
and then the contents may be found by the rule in Prob. 27. 

Let the scholar solve the following examples hj esuch rule. 

Ex. I. The lower base of a rectangular prismoid is 24 hj 20^ 
mches, the corresponding sides of the upper base are 18 hj 12 
inches, and the altitude is 30 inches ; what is its solidity ? 

24 X 20 = 480, lower base ; 18 X 12 = 216, upper base : 

21 X 16 X 4 = 1344; 4 times the parallel section, .-. 

(480 + 216 + 1344) X ^^ = 10200 sol. in., Ans. by Prob. 

28. 

Again, (24 X 2 + 18) X 20 X V = ^^00, larger wedge, 
and (18 X 2 -f 24) X 12 X ^rf^ = 3600, less wedge, 

10200 soL inches 4ns. 

by Prob.- 27. 

■ 2. What are the contents of a prismoid whose altitude i'^ 18 
feet, lower base 16 by 18 inches, and corresponding sides of the 
upper base 10 by 12 inches ? Ans. 42768 sol. ir. 

3. Wliat are the contents of a prismoid whose altitude io 18 
feet, lower base 16 by 18 inches, and corresponding sides of the 
upper base 12 by 10 inches ? Ans. 42912 sol. in. 

How do the 2d and 3d examples differ ? 

4. What are the contents of a hewn stick of timber that is 40 
feet long, 12 by 14 inches at one end, and 8 by 10 inches on the 
corresponding sides at the other end ? Ans. 58240 sol. in. 

497. Prob. 29. — ^To find ihe solidity of a sphere, 
Rule 1. — Multiply fne surface of the sphere hy \ radius, 

NoTB. — This rule is founded on the supposition that a sphere is com 
posed of an infinite number of pyramids whose vertices are at the center of 
Kho sphere and whose bases make up the surface of the sphere. 

Rule 2. — Multiply the cube of the diameter by the decimal 
£23529 } i. e. by ^ of 3.141592. 
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Ex. 1. What is the solidity of a sphere whose radius is 4000 
miles ? Ans. 2680825 17333 J sol. miles ? 

2. What is the solidity of a sphere whose diameter is 896000 

mUes ? Ans. 376636634912085333 Jsol. m. 

* 

4:08. Prob. 30. — ^To find the solidity of a'spherical segpaent, 

Rule. — Multiply the half sum of the areas of the two bases by 
the altitude of the segment and to this product add the solidity of 
a sphere whose diameter is this same altitude, 

!NoTE. — If the segment has but one base the other base is «md the same 
rule applies. 

£x. 1. What is the solidity of a spherical segment whose alti- 
tude is 86.60254 inches and the radii of whose bases are 100 and 
60 inches ? Ans. 2040523.848355309475191954314§sol. in. 

2. What is the solidity of a segment of one base, the altitude 
being 13.39746 feet and the diameter of the base 100 feet ? 

Ans. 53870.808015040738834712352sol. ft- 

4:00« Fbob. 81. — ^To find the solidity of a spherical wedge 
or ungijla, 

RuL£. — Find the solidity of the sphere and then hay as 360* 
is to the angle of the wedge, so is the solidity of the sphere to the 
solidity of the wedge. 

Note. — The angle of the wedge is the same as the angle of the lune that 
forms its base. 

Ex. 1. What is the solidity of a wedge whose angle is 36* in 

a sphere whose radius is 4000 miles ? 

Ans. 26808251733jsol. m. 

2. What is the solidity of an ungula whose angle is 45* in a 

sphere whoso diameter is 896000 inches ? 

Ans. 4707957936401 0666fsoL in. 

SOO* Pbob. 32. — ^To find the solid contents of a spbjericaJ 
pyramid or of a sector, 

Rule. — Having found the area of the triangle^ polygon or zone 
which forms the base, multiply this area by }f of the radius of the 
tpJiere. 
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£x. 1. What is the solidity of a spherical pyramid whose i>a86 
18 a triangle having its angles 80®, 90° and 130°, the radius of 
the sphere being 4000 miles ? . Ans. 4468041 9555 1 sol. m. 

2. What is the solidity of a pentagonal spherical pyramid in 
• sphere whose diameter is 5 inches, the angles of the base being 
150^ 1 19° 30', 75°, 145° and 170° 30' ? Ans. 10.9083^ sol. in. 

8, What is the solidity of a spherical sector in a sphere whose 
radius is 12 inches, the arc of the great circle bisecting tlie 
Bector, or the sectoral angle at the center of the sphere being 
1 20° ? Ais. 1809.556992 sol. in. 

4. What is the^ solidity of the remainder of the hemisphere 
after the sector in Ex. 3 has been taken out ? 

Ans. 1809.556992 soL in. 

SOtm Prob. 33. — To find the solid contents of a cube in* 
Bcribed in a sphere, 

Rule. — Divide the square of the diameter hy 3, and the cttbe 
of the square root of this quotient wiU be the solidity sought. 

Note. — The diagonal of the cube is a diameter of the sphere, bat the 
square of the diagonal of anj rectangular parallelopipedon is equal to the 
sum of the squares of its three dimensions ; i. e. in the cube, since its three 
dimensions are equal, the square of the diagonal is equal to three times the square 
of either edge; hence the rule. 

Ex. 1. What is the solidity of a cube inscribed in a sphere 
whose diameter is 10 feet ? 

10*^ -f- 3 = ^^ ; \^m^y = 192.45+sol.ft., Ans. 

2. What are the solid contents of a cube inscribed in a sphere 
whose circumference is 18.849552 inches ? 

Ans. 41.569219+ sol. in. 

tSOS. Prob. 34. — To £nd the contents of a solid of any 
form, 

RuLB — Immerse the solid in a vessel of known form and 
dimensions partly jUled with watery and note the rise of the waieir 
in the vesseL 

29 
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NoTX. — This rale is founded on the self-evident fact that the y(>lniiiB or 
bulk of the water displaced is equal to that of the solid immersed. 

Ex. 1. An irregular stone, immersed in a cylindrical vessel 
10 inches in diameter, raised the water in the vessel 5 inches : 
what were the contents of the stone ? Ans. 392.699 soLin. 

2. There is water 4 inches deep standing in a pail which is 
1^2 inches deep, 10 inches in diameter at the bottom and 18 
inches at the top — interior dimensions ; what are the contents 
of a lobster, which, being immersed in this water, will raise it 4 
inofaeB ? Ans. 415.787841 soL in. 



§52. GAUGING. 

SOS. Gauging is the art of finding the contents of casks or 
vessels gf any form, in gallons, bushels, eta 

ff04U Pbob. — 'to find the contents of kegs, barrels, eta 

Zt is difficult or impossible to find the exact contents of kegs, 
barrels, eta, in consequence of the dififerent curvature of the 
staveS} the difficulty in determining the interior dimensions of the 
cask, eta ; but, by experience it is found that all such vessels 
may be gauged with sufficient accuracy by the following 

Rule 1. — MvMply the diffwfnce between the hangtmdhead dSf- 
ometorY of the ccuk^ hy numbers varying from .5 to .7, according oi 
the staves are curved little or much, and add the product to the heaa 
di€aneter to obtain the mean diameteb ; then proceed as %n Jind 
ing the contents of a cylinder in Art, 492. 

NoTB 1 . — ^A wine gallon ^ 231 cnbic inches, (78, Note 2). 
" beer " = 282 " " (78, Note 3). 
•« bushel = 2150.42 " " (79, Note 2). 

Ex. 1. Wliat are the contents in wine and in beer gallons of r. 
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cask whose length is 44 inches, head diameter 28 inches, and 
bung diameter 86 inches ? 

(86 — 28) X .7 = 5.6 

28. 

• • 

88.6 = mean diameter. • 
83.6* X .785398 = area of circle (477, Rule 2), 

. .-. 33.6S X .785398 X 44 ^, , . ' 

g^j =No. gaL wme, 1st Ana.; but ii* 

both numerator and ^denominator of this fraction are divided by 
.785898, we shall have 

83.6* X 44 , 

294 » ^^"7 neaxly ; agam, 

33.6* X .'W5398 X 44 ^ 
2^ = No. gaL beer, 2d Ans.: but if, as 

before, both numerator and denominator be divided bj .785398, 

33.69 X 44 
it will give — ^^ , very nearly. Hence, 

Rule 2. — Mnd the mean diameter in inches as in EtUe 1 ; 
then multiply the sqwxre of the mean diameter by the length of the 
eeuk in inchesy and divide the product by 294: for mne and by 359 
for beer gallons. 

2. What are the contents in wine gallons of a cask whose 
length is 36 inches, and whose head and bung diameters are res- 
pectively 16 and 19 inches ? 

3. What are the contents in beer measure of a cask whose 
length is 44 inches, and whose head and bung diameters are 2<( 
and 81 inches ? 

4. What are the contents in bushels of a hogshead whose 
length is 48 inches, and whose head and bung diameters are 32 
and 40 inches ? 

5. What is the capacity in bushels of a cask whose length hi 
4| feet, and whose head and bung diameters are 3 and 3{ f(M ? 
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NoTS 2. — ^To find the contents of vessela in the form of a cylinder, 
frnstnm, sphere, etc., proceed as in the Geometrical Problems. 

NoTB.3. — To find the contents of irregular vessels or cavities^ any 
description, first fill the vessel or cavity with water, then poor its contents 
fn|o a vessel of' known form and dimensions, and proceed as before. 
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SOS*. The tonnage of a vessel is the number of tons she will 
cany, and is determined hj measurement. » 

900. The ship carpenter estimates the tonnage by one rule, 
and government bj another. 

Carpenter's Rule. — For a tingle decked vessel^ muttiphf ike 
length of the keel, breadth at the main beamy and depth of the hoU 
in feety together ; divide the product by 95, and the quotient is the 
number of Urns. 

For a dovMe decker, take half of the breadth at the mmn beam 
for the depth of the holdy and proceed as- before. 

Government Bulb. — For a single decker, take the length in 
feet above the deck from the forepart of the main stem to the after 
part of the stem post, the breadth at the widest part above the mean 
wales on the outside, and the depth from the under side of the deck 
plank to the ceiling in the hoUL From the length take ^ of the 
breadth and the continued product of the remainder, breadth and 
depth, divided by 95, wiU give the tonnage* 

For a dovUe decker, take the length above the upper deck ; for 
the depth take half the width and proceed as before, 

Ex. 1. What is the carpenter's tonnage of a single decker 
whose length is 80 feet, breadth 21 feet, and depth 18 feet ? 

Ans. 318^ tons. 
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2. What is the carpenter^s tonnage for a double decked vessel 
whose length is 200 feet, and breadth 38 feet ? 

Ans. 1520 tons. 

'3. What is the government tonnage of a single decked vessel, 
whose length is 100 feet, breadth 25 feet, and depUi 20 feet ? 

Ans. 447-Y^ tons. 

4. What is the government tonnage of a double decker whoet 
Ungth is 300 feet and breadth 40 feet ? 



§54. PHILOSOPHICAL PROBLEMS. 

Gravity. 

S07. Chtmty is the tendency of all bodies to fall towards 
the center of the- earth. 

•l08«.The center of ffravit^ of a body is "the pomjb about 
which all the parts of a body exactly balance each other, so tliat 
when that point is supported, the whole body is supported." 

In a body of uniform density the center of gravity is in the 
center of the volume or bulk. 

The weigfd of a body it the measure of He gravity, 

«$09« Specific gransity is the weight of a body Compared with 
the weight of an equal bulk of some other body taken aa a 
gtandard. 

The standard for solids and liquids is distilled water. 

A cubic foot of distilled water, by statute, weighs lOOOos. as 
82J lbs. avoirdupois. 

The specijic gravity of the standard is 1. 

fflO. If a body is lighter than the standard, its specific getn 

29* 
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hj u less tbau 1 ; if hettvier, more than 1 ; thus, if a cabic fool 
of cork weighs 250oz. (= } of lOOOoz.)) its spedfic gravity is 
^ ; and if a cabic foot of zinc weighs 7000oz. (= 7 times 1000 

OS.), its specific gravity is 7. 

• 

tntm Pbob. 1. — To find the specific gravity of a solid, 

BuLE^ — Divide 1h$ weight of the hod^ hy the loss of weigki ii 
nutmm when it is immersed in water ; «. «. divide its true weigki 
tg the weight of an equal hdk of distiBed water, 

NoTB.-^If the bodj is lighter than water, as e. g. coik, it mnst be at- 
tached to some heavier bodj in order to immerse it ; and in that case it loses 
ail its own weight, together with the amount it diminishes the weight of the 
bodj attached to it for the purpose of linking it. 

Ex. 1. *A piece of copper weighs 1668.75 lbs. in air, and 
1481.25 lbs. in water : what is its specific gravi:!y ? 

Ans. 8.9. 

2. A piece of cork weighs lOOoz. ; but, being sunk in water, 
by attaching it to a piece of iron previously balanced in water, 
it requires dOOoz. less to balance the iron } what is the spedfie 
gravity of the cork ? * Ans. ^ 

Slfi. Pbob. .2. — ^To find the specific gravity of a liquid, 

Rule. — 1. Weigh a soKd in the airy then in water^ and then in 
the given liquid, 

2. Divide the loss of weight in the liquid whose specific gnunt^ 
is sought hy its loss of weight in water; i. e. divide the weight ef 
the liquid by the weight of an equal bulk of water. 

Ex. 1. A piece of lead weighs 709 1 lbs. ; when immersed io 
distilled water it weighs 646^ lbs., and in sea-water its weight is 
645 lbs. What is the specific gravity of searwater ? * 

Ans. 1.08. 

2. A piece of iron weighing 486J lbs., upon being immersed 
in water weighed 428J lbs. ; and in linseed oil it weighed 427J 
lbs. ; what is the specific gravity of linseed oil? Ans. .94. 
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^^^ • 

fflS* The specific gravilj of the heaviest known substance,* 



Platina, is 


22. 


Copper, 


8.90 


That of Gold, 


19.25 


Steel, 


7.84 


Quicksilver, 


18.58 


Iron, , 


7.78 


Lead, 


11.85 


Tin, 


7.29 


Silver, 


• 10.47 


Zinc, 


7. 



Precious Gems, fix>m 8 to 4 
Minerals, « 2 << 8 

• Liquids, « f « 2 

Woods, " i ** li 

The specific gravity of the lightest known substance, 
Hydrogen gas, is about .000083, water being 1. 

What is the specific gravity of platina, hydrogen ^ being the 
«tandard ? 

What is the speeific gravity < <f hydrogen gas, pladna being 
the standard ? 

S\4Lm Below the earth's surface the gravity of a bodi varies 
H8 the distance from ihe center of the earth ; thus, if a body at 
the surface weighs 1 lb., then at ^ of the distance from the center 
to the surface, the same body would weigh ^ lb. ; at ^ the dis- 
tance the body would weigh i lb., etc., etc 

Again, above the earth's surface gravity varies inversely as 
the square of the distance from the earth's center ; thus, a body 
weighing 1 lb. at the surface of the earth, would, at 2 times as 
great a distance from the center, weigh ^ lb. ; at 8 times the dis- 
tance it would weigh } lb., etc, etc 

'SIS* Prob. 8. — The weight of a body at the surface of the 
earth being given to find its weight at any given distance btslow 
the surfaor v 

BuLE. — Make a common Jraction by writing the rctdiu$ of the 
^arth for a denominaUyr^ and the distance of the body from ik§ 

• Olmflted. 
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center of the earth far a numeratoTy and then multiply the weight 
of the bo(fy at the surface by thie fraction. 

Ex. 1. A body at the surface of the earth weighs 48 lbs., 
what would it weigh 1000 miles below the surface, supposing the 
earth*s radius to be 4000 miles ? Ans. 36 lbs. 

2. A body at the surface of the earth weighs 8000 lb., what If 
ite weight 3000 miles below the surface ? What at the center? 

1st Ans-, 2000 lbs. 2d Ans., 0. 

916. Fbob. 4.^— The weight of a body at the surface of the 
eartli being given, to find its weight at any given distance above 
the surface, 

Rule. — Make a fraction^ writing the radius of the earth for 
the numerator and the distance df the body from the center of the 
earth for the denominator^ and then multiply the weight of the bod^ 
ai the surface of the earth by the square of this fraction, 

Ex. 1. A body at the surface of the earth weighs 36 lb., what 
would it weigh 4000 miles above the surface ? 

36 X (t«««)9=36 X (i)«=36 X^ = 9. Ans. 9 lb. 

2. If a body weighs 36 lb. at the surface, what will it weigh 
8000 miles above the surface ? Ans. 4 lb. 

3. If a stone weighs 1 ton at the surface of the sea, what will 
be its weight on the top of a mountain 5 miles high, supposing 
the diameter of the earth to be 8000 miles ? 

Ans. 1995 lb. -f-. 

St7m By observation and experiment it is found that, near 
tlie surface of the earth, a body will fall 16i^ feet from a state of 
rest in one second of time, and, by the laws of gravity, the dis- 
tances a body will fall in different times will vary as the squares 
of the times ; i. e., if a body fall 16^ feet in 1 second, then in 2, 
8 or* 4 seconds it will fall 4, 9 or 16 times 16^^ feet, etc., etc., .% 

«fl8« Fbob. 5. — ^To find how far a body will fall in anj 
given time, 

{ 
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• BuLE. — As 1 to the sqtiare of the time in seconds^ so is 1 6^ 
fyet to the number offset the body unUfaU in the given time. 

Note 1. — This role is true if the body falls in a iHumum, but if it fiiUs 
tihrongh the air the resistance is very great when the velocity is great and 
die result obtained according to the rule is much too large. 

Ex. 1. How far will a body fkll from a state of rest in 10 
■eccHids? Ansi 1608^ feet. 

2. Suppose a body to have been £sdling 20 seconds, how fitf 
has it fallen during the last 10 seconds ? An^. 4825 feet. 

NoTS 2. — ^Many other problems upon falling bodies might be given, bat 
the discussion of the principles relating to them, appropriately belongs to 
the higher mathematics. 

Mechakical Powebs. 

St9m That which communicates or tends to communicate 
motion to a body, is called & force orpotoer. 

The body which receives motion, or on which a force is ex- 
pended, is called a weight. Force may be applied to a weight by 
the aid of a lever y wheel and oa^, puOey^ inclined plane, screw or 
wedge, and these instruments, six in number, are called the am- 
ehanical powers. 

The Lbveb. * 

ff 30. The lei>er iB an inflexible bar or rod, movable about a 
fixed point ; this point is called the fidcrtim or prop, 

SSI. Levers are of three kinds. 

1st Where the fulcrum is between the power and weight 
2d. Where the weight is between the fulcrum and power, 
3d. Where the power is between the fulcrum and weight 

«$SS« In the use of either of the three kinds of lever, as 
equilibrium will be produced when the power is to the weight as 
tlie distance of the weight from the fulcrum to the distance of the 
power fix)m the fulcrum. 

(a) Levers of the Ist kind. 

Ex. 1. What weight may be sustained cm the end of a lever 
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10 feet long bj a force of 100 lb. at t&e other end, the pn^ being 
2 feet from the weight ? Ans. 400 lb. 

2. What weight maj be sustained by a force <^ 25 lb. <m a 
ISTer of 6 feet, the prop being 6 inches from the weight? 

8. What poorer will be required to balance a weight of 2000 
lb. on a lever 12 feet in length, the fidcrom being 1 foot and 6 
indies from the weight. Ans. 285f lb. 

4 What power is required to snstain 50 lb. on a lever of 8 
feet, the ftdcmm to be 5 inches fix>m the wdght? 

5. A power of 200 lb. is applied to a lever 12 feet from the 
(blcrum ; at what distance from the fulcrum will a weight of 4000 
lb. be balanced ? Ans. 7^ inches. 

6. How far from the weight must the folcrum be placed in 
order that a power of 10 lb. maj balance a weight of 75 lb. on a 
lever 4 feet long ? 

7. A weight of 12000 lb. is attached to a lever 2 feet from the 
prop ; at what distance from the prop miist a power of 300 lb. be 
applied to balance the weight ? Ans. 80 feet. 

8. At what distance from the prop miftt a power of 40 lb. be 
placed to balance 550 lb. 9 indies from the prop ? 

(b) Levers of the 2d kind.^ 

9. A force of 200 lb. is applied to a lever of the 2d kind 8 feel 
from the fulcrum ; what weight will be sustained 6 inches from 
the fulcrum ? ^ Ans. 8200 lb. . 

10. What power applied 8 feet frx>m the fulcrum will be suf* 
fident to balance a weight of 8000 lb. 10 inches from the fril- 
crum ? • Ans. 833 J lb. 

11. At what distance from the fiilcrum must a power of 50 lb. 
be applied to balance a weight of 750 lb. 2 feet from the fbl* 
crum ? Ans. 30 feet. 

12. At what distance from the ftdcrum maj a weight of 8000 
lb.- be sustained bj a power of 1501b. applied 6 feet from the 
^nlcnim ? Ans. 3 J inches. 
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(c) Levers of the 3d kind. 

18. A force of 100 lb. is applied to a lever of the Sd kind al 
die distance of 5 feet from the fulcrum ; what weight wiU be 
balanced 20 feet from the folcrum ? Ans. 25 lb. 

14. What power applied 6 feet frt)m the fulcrum will be suf* 
6cient to sustain 50 lb. 18 feet froin the Ailcrum ? 

Ans. 150 lb. 

15« At what distance fix>m the Ailcnim must a power of 300 
lb. be applied to balance 60 lb. 30 feet horn the fulcrum ? 

Ans. 6 feet 

16. At what distance from the ftdcrum may a weight of 100 
n>. be sustamed bj a force of 500 lb. appUed 4 feet from the ful- 
erum? Ans. 20 feet. 

NoTB. — ^In the use of a Idver of the Ist kind there may be a tnechamoai 
advantage or diaadvantage (i. e., the weight may be greater or less than the 
power) according as the power or weight is far^est from the fblcrom. In 
using one of the 2d kind there must be a mechamcal advantage, and in the 3d 
find a disadvantage. The principles of a lever of the 8d kind are nsnally 
exemplified in raising a long ladder or pole from a horizontal to a yertica] 
position. 

The Wheel and Axle. 

933. In using the wheel and axle as a mechanical power 
they are finnly attached to each other and turn together, the 
power being usually applied to the circumference >of the wheel, 
by means of a rope, and the weight to the axle, on the opposite 
side. 

S34I. An equilibrium is produced when the power is to the 
weight as the radius of the axle to the radius of the wheeL The 
principle is the saikne as in the lever, the radius of the axle cor* 
responding to the shorter arm and that of the wheel to the longer 

arm. 

. 

Ex. 1. If the radius of the wheel is 3 feet and the radius of 
the axle 2 inches, what weight may be sustained on the axle by 
a force of 50 lb. applied to the wheel ? Ans. 900 lb. 

2. The radius ef tbe wheel being 8 feet and that of the axie 
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8 mohesy what power applied to the wheel will balance 900 IK. 
on the axle ? 

8. What must be the radius of the axle if a power of 50 lb- 
on a wheel of 3 feet radius balances 900 lb. on the axle ? 

4. What is the radius of a wheel on which a p^jwer of 50 lb. 
balances 900 lb. on an axle of 2 inches radius ? » 

5. What is the circumference of a wheel on which a power of 
12 lb. balances 160 lb. on an axle whose radius is 3 inches ? 

Ans*. 20 feet 11.32736 inches. 

The Pulley! 

«S9S« A pulley is a small wheel, movable about an axis by 
means of a cord or rope passing over the wheel. The axis may 
be stationary or movable, i. e. susceptible of rising or falling. If 
the axis is stationary the pulley is called bl jixtd puEey ; if mov- 
able the pulley is said to be movable. 

S36k In the use of the fixed pulley there is no mechanical 
advantage, but it is very convenient in changing the direction of 
the power ; L e. in enabling us to apply a power in one direc- 
tion, and thereby to move a weight in some other direction. 

S37. Blocks, L e. combinations of 2, 3, or more pulleys, are 
oflen used. 

S38« In the use of pulleys an equilibrium is produced when 
the power is to the weight as 1 to the number of ix>pes ; i. e. 
when power : weight : : 1 : twice the number of movable pui* 
leys. 

NoTB. — There is really but 1 rope used for a block of pulleys, though 
it is customary to consider the nainber of ropes twice as great as the. num- 
ber of movable pulleys, the parts of the rope on opposite sides of the ptil- 
lr.y Imng called different ropes, 

Ex. 1. What power must be applied to a rope passing around 
one movable pulley to balance a weight of 600 lb. ? 

Ans. 800 lb. 



PHILOSOPHICAL PB0BLEM8. 849 

2. In a block of 4 movable pulleys what weight will be sii»> 
tuined by a power of 200 lb. ? 

The IircLiKED Plane. 

S99* An inclined plane is a plane which is oblique to the 
horizon ^^ neither horizontal nor vertical. 

tS30« In the use of the inclined plane, when the power is 
applied ia a line parallel to'the length of the plane, an equilib- 
rium is produced when the power is to the weight as the bight 
of the plane to its length. 

lESx. 1. An inclined plane is 40 feet long and 5 feet high; what 
weight will be balanced by a power of 200 lb. ? 

Ans. 1600 lb. 

2. An inclined plane is 5 f^et high and 40 feet long ; what 
power is requisite to balance a weight of 1600 lb. ? 

8. A weight of 1600 lb. is balanced on an inclined plane 
whose length is 40 feet, by a power of 200 lb. ; what is the . 
hight of the plane ? 

4. What is the length of an inclined plane whose hight is 5 
feet, and on which a power of 200 lb. sustains a weight of 1600 
lb.? 

(a) When the power is applied in a line parallel to the base 
of the plane, an equilibrium is produced when the power is to 
the weight as the hight of the plane to the length of its base. 

5. What weight will be sustained on an inclined plane whose 
hight is 4 feet, and the length of whose base is 12 feet, by a 
power of 16 lb. applied in a line parallel to the base ? 

Ans. 48 lb. 

6. What power will balance a weight of 48 lb. on a plane 
whose hight is 4 feet and base 12 feet, the power acting in a 
tine parallel to the base ? 

7. A power of >! 6 lb., acting in a line parallel to the base of a 

80 
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plane whose hight is 4 feet, balances 48 lb. ; what is'the lenglii 
of the base ? 

8. A power of 16 lb. balances a weight of 48 lb. on a plane 
the length of whose base is 12 feety^'the power acting in a line 
parallel to the base ; what is the hight of the plane ? 

The Screw. 

ffSl. A screw is a cylinder having a thread coUed spirallj 
Uround it, in such a manner that the thread is equally inclined to 
the base of the cylinder throughout its' entire length. 

A39« The principle of the screw is the same as that of the 
inclined plane. The length of the thread in going once around 
the cylinder is the length of the plane ; the circumference of the 
cylinder is the base of the plane ; and the distance between two 
contiguous threads in a line parallel to the axis of ihe cylinder is 
the hight of the plane. / 

The power is seldom applied directly to the screw, but usually 
at the end of a lever which enters a mortise in the screw, and in 
a line parallel to the base of the plane. 

JS33. In the use of the screw an equilibrium is produced, 
when the power is to the weight as the distance between two 
contiguous threads in a line parallel to the axis of the scre^ to 
the circumference of the circle made by one revolution of tiie 
power. 

Ex. 1. What pressure may be exerted at the head of a screw 
by applying a power of 200 lb. at the end of a lever 10 feet long^ 
the threads of the screw being 1 inch impart ? 

Ans. 150796.416 lb. 

2. The pressure exerted at the head of a screw is 150796.416 
lb., the threads of the screw are 1 inch apart, and the power is 
applied at the end of a lever 10 feet long ; what is the power ? 

8. A power of 200 lb. exerts a pressure of 150796.416 lb. al 
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Ihe head of a screw whose threads are 1 inch apart ; what is the 
length of the lever to which the power is applied ? ^ 

4. A power of 200 lb. applied at the end of a lever 10 feet 
long, exerts a pressure of 150796.416 lb. at the head of a screw; 
what is the distance between the threads of the screw ? 

The Wedge. 
«I34I« For definition of the wedge, see Art 462, Def. 51. 

Wedges " are made of such variety of sliapes, and forces are 
applied in such various ways, that, of aU the mechanical powers, 
the wedge is that whose properties are least capable of being 
brought to mathematical calculation."* 

Only the simplest case will be presented here,' viz., when the 
sides of the wedge are equal rectangles, i. e. when the wedge is 
isosceles, and also when the power acts perpendicularly on the 
center of the back, and the weight or resistances act at right 
angles to the sides. * 

•i9S» In this case the power is to the weight, i. e. the sum 
of the resistances on the two sides, as the thickness of the back 
to the sum of the lengths of the two sides ; i. e. the power is to 
the weight as ^ the thickness of the back to the length oi one 
side. 

Ex. 1. The back of an isosceles wedge is 4 inches thick, and 
the length of one side is 12 inches ; what pressure will be exerted 
on one side, by a. force of 500 lb. applied to the back? 

Ans. 1500 lb. 

2. A wedge whose back is 4 inches thick, and sides 12 inches 
jbng, has a pressure of 3000 lb. upon each side ; what force ap- 
plied to the back of the wedge will overcome the resistance ? 

3. Upon the back of a wedge 4 inches thick, the applicatior 
of a force of 500 lb» exerts *a pressure of 3000 lb. upon eack 
Aide ; what is the length of a side ? 

4. The length of one side of a wedge is 12 inches, and a foroe 

* Olmsted. 



of dOO Ibu upon the bock will exeit » pressure of 3000 lb. nptm 
cbA side ; what is the thidmeas of the back ? 

5. The length of one side of a wedge is 15 inches, and the 
edge forms an an^ of 60* ; what pressore will be exerted apon 
each side bj a force of 100 lb. applied to the bai^ ? 

Ans. 100 Ibw 



STRENGTH OF MATERIALS. 

«S34I» The strength of a beam can be determined only bj 
experiment. 

Force may be i4>plied to produce fractore in four difTerent 
ways: — • 

1st Laterally ; L e. by pressing upon the side of the beam 
when it rests horizcHitally upon its two ends. 

2d. Longitudmii^y ; L e.io pull it in two in the direction of the 
length. 

Sd. By torsion ; L e. by twisting it off. 

4th. By crushing it, as e. g., when a post is set up to support 
a very heavy weight 

«S37* The first of these modes of trying the strength of a 
beam is the only one considered here,, and this in only a few of 
its most simple applications. 

938* The data upon which architects rely in calculating the 
strength of materials, the results of experiment and Geometrical 
reasoning, are mainly the following^ — 

Ist The strength of an oak stick an inch square and a fool 
long, is estimated at 600 lb., the stick lying horizontally^ sup- 
ported at its ends, and the weight resting upon the central point 
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The strength of a bar of iron of the same size is estimated at 
21901b. 

« 

2d. The strength of similar beams varies as the square of 
their corresponding dimensions; thus, if a stick 1 inch square 
and 1 foot long will sustain 6001b., then one 2 inches square and 
2 feet long will sustain 24001b. ; one 3 inches square and 3 feet 
long will sustain 54001b.; i.e. a similar stick whose dimensions 
are twice as great will sustain 6001b. X 2^ = 6001b. X 4 = 
24001b. ; one whose' dimensions are 3 times as great will sustain 
6001b.* X 32 = 600 X 9 = 54001b., etc., etc. 

3d. The strength of a beam lying on its different sides varies 
as the depth of its center of gravity below th^ surface ; thus, if 
a beam of given length, 10 inches wide and 2 inches thick, will 
sustain 1001b., when lying on its edge, then it will sustain only 
201b., i.e. i of 1001b., when resting on its broad side. 

4th. "The strengths of different beams of the same lengths vary 
as the area of their transverse sections, multiplied respectively 
into the depths of their centers of gravity below the surface ; 
thus, if 2 beams, A and B, of the same length, are, A 8 inches 
wide and 6 inches thick and B 10 inches wide and 2 inches thick, 
then, if they rest each upon its edge, 

A's strength : B's strength : : 8 X 6 X 4 : 10 X 2 X 5 : : 192 : 100 ; 

if both rest upon their broad sides, then, 

A's strength : B's strength : : 8 X 6 X 3 : 10 X 2 X 1 :: 144 : 20 ; 

if A rests upon its edge and B upon its broad side, then, 

A's strength : B's strength :: 8 X 6 X 4 : 10 X 2 X 1 - 192 : 20 ; 

if A rests upon its broad side and B upon its edge, then, 

A's strength : B's strength : ; 8 X 6 X 3 : 10 X 2 X 5 :: 144 : 100 ; 

and so of beams of other dimensions. 

5 th. The strengths of beams of different dimensions vary as 
the areas of their transverse sections multiplied by the depths of 
their centers of gravity and divided by the lengths of the beams 
respectively; thus, suppose a beam, A, is 10 feet long, 10 inches 
wide and 4 inches thick, and that another beam, B^ is 12 feet 

30* 
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long, 8 inches wide and 6 inches thick, then, when the beanu 
fasten their edges, 

L e. if A will sustain 20 tons, B will sustain 16 tons. Again, IT 
the7 rest upon their broad sides, then 

A^'ssCiength : B's strength ;; ^^ ^^^ ^ ^ : ^ ^ ^^'^ ^ : : 8 : 12/ 

etc etc 

6th. The tendency to fracture a beam is greatest when the 
weight rests on tlie central point, and it varies according to the 
product of the lengths of the two parts of the beam, measured 
from the point where the weight rest» ; thus, if a beam is 16 
feet long, the tei^ency to fracture, when the weight rests on the 
center or 1, 2, 3, etc, feet from the ceq^er, maj be represented 
by the products 8 X 8 = ^4, 9 X 7 = 63, 10 X 6 = 60, 11 
X 5 =: 55, etc, etc 

"^h. The strength of a beam supported at both ends, and hay* 
mg the weight rest on the middle, is 8 times as great as it is 
when the beam is supported at one end and the weight rests on 
the other end ; or 4 times as great as that of a beam of ^ the 
length and supported at one end ; thus, if a beam 4 feet long, 
resting on both ends, will support 16001b. upon its center, then 
the same beam firmly fixed in a wall at one end will support 
only 2001b. suspended from the other end ; or tc beam of the 
same breadth and depth and only 2 feet long, fixed Ht one end, 
will support only 4001b. at the other end. 

NoTB. — In thuse data the weight of the'beam itself is not considered, hat 
in practical life it must not he disregarded. 

Ex. 1. — What is the strength of an oak stick 4 inches square 
and 4 feet long ? Ans. 96001b. 

2. What is the strength of an iron beam 1 foot square and IS 
Ssetlong? Ans. dl58601b. 
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8. If a stick 12 inches wide, 4 inches thick and 4 feet long, 
will sustain 864001b. when resting on its edge, what will it sus- 
tain when resting on its side ? . Ans. 288001b. 

4. If an iron bar 6 inches wide, 3 inches deep and 3 feet long, 
will sustain 394201b. when lying on its side, what will it sustain 
when resting on its edge ? Ans. 788401b. 

5. If a stick 6 feet long, 8 inches wide and 3 inches thick^ 
resting on its edge, will sustain 192001b., then what will a stick 
of the same, material and length, 12 inches wide and 2 inches 
iMck, sustain when lying on its broad side ? Ans. 48001b. 

6. if a bar of iron 4 feet long, 6 inches wide and 3 inches 
thick, will sustain 591301b., when resting on its edge, what will 
a bar of the same length, 8 inches wide and 6 inches thick, sus- 
tain when nesting on its edge ? on its side ? 

1st Ans. 2102401b. ; 2d Ans. 1576801b. 

7. What Ib the strength of an oak beam 12 feet long, 8 inches 
wide and 2 Hiehes thick, when resting on its edge ? side ? 

1st Ans. 64001b. ; 2d Ans. 16001b. 

8. What is the strength of an iron bar 6 feet long, 6 inches 
wide and 3 inches thick, when resting on its side ? edge ? 

1st Ans. 197101b. ; 2d Ans. 394201b. 

9. What weight will an iron bar 6 feet long and 6 inches 
square sustain, the weight being placed 2 feet from one end ? 

Ans. 886951b. 

10. What weight will an oak beam 10 feet long, 10 inches 
wide and 5 inches thick, sustain 3 feet from its center, the beam 
resting on its edge ? Ans. 468751b. 

11. What weight will an oak beam 4 feet long and 4 inches 
square sustain, the beam being made &st at one end and th% 
weight applied at the other ? Ans. 12001b. 

12. An iron bar 6 inches deep and 3 inches wide is set in 
masonry so that it extends out of the wall 6 feet ; what weiglit 
Ifill it sustain at its end ? Ans. 4927.51b. 
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§ 55. THE METRIC SYSTEM OP WEIGHTS AND 

MEASURES. 

939* This system originated in France, near the close of 
the last century, and its simplicity as well as comprehensive* 
ness has led to its introduction into many other countries. It 
has been almost exclusively adopted in the natural sciences, and 
its use is either required or sanctioned by most of the European 
and South American governments. It was legalized in the 
United States, by act of Congress, in 1866. 

«S40« The entire system is founded upon one single linear 
unit, the one forty-millionth part of the earth's Arcum/erence 
measured over the poles. This unit of length, which is very 
nearly 39.37 inches, has received the name Meter.* 

NoTB. It was intended to select a unit, which could be referred to 
and verified in all places, and could not be subject to loss or accident, 
as with a bar of metal. The unit was accordingly made equal to the 
above fraction of the earth's circumference, and to determine its length, 
accurate measurement was made on the meridian passing through Dun- 
kirk and Barcelona, of the portion lying between those two points. Later 
measurements, however, have shown the former to be incorrect, and the 
meter is not quite the one forty-millionth of the earth's circumference. 
It has also been discovered that the meridians are of unequal lengths, 
since the equator of the earth is not a perfect circle. These facts have no 
effect upon the value of the system^ as the unit has been established, and 
is the length of a platinum bar, which is carefully preserved at Paris, and 
from which copies have been taken. 

^41* By the decimal division and multiplication of the 
Meter, and imits of square and solid measure derived from it, 
all denominations of linear, surface, and cubic measure are ob- 

• Meter is from the Greek ilsrpovt meaaure. 

Entered, according to Act of Congress, in the year 1869, by Jahes H. Eaton, in the Clerk** 
Office of the District Conrt of the District of Massachusetts. 
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tained. The scale of weights is also obtained by tjie decimal 
division and multiplication of- a unit of weight derived in a 
simple manner from the only arbitrary unit of the system, the 
Meter. 

JS43« The^names of the Metric Weights and Measures are 
formed according to a simple law. The denominations obtained 
by division are named by prefixing to. the unit of each scale 
syllables derived from the Latin numerals^ viz., Deci for 10, 
Centi for 100, Milli for 1000 ; those obtained by multiplica- 
tion, by prefixing syllables derived from the Greek numerals^ 
viz., Deka for 10, Hecto for 100, Kilo for 1000, etc. 

This is shown in the following 

tabl:^. 



Lengths. 


SUSTAOnS. 


Capacitiks. 


WmOHTB. 


Batiob. 


Myria- meter. 






Myria-gfram. 


10000. 


Kilo - meter. 




Kilo -liter. 


Kilo - gram. 


1000. 


Hecto -meter. 


Heot-are. 


Hecto - liter. 


Hecto - gram. 


100. 


Deka -meter. 




Deka - liter. 


Deka -gram. 


10. 


Meteb. 


Are. 


Liter. 


Gram. 


1. 


Dec! - meter. 


\ 


Deci - liter. 


Deci -gram. 


.1 


Centi -meter. 


Cent - are. 


Centi - liter. 


Centi -gram. 


.01 


MilU -meter. 




HilU -Uter. 


MilU .gram. 


.QDl 



S43. LONG MEASURE. 



TABLE. 



Unit. — 1 Meter. 
10 Millimeters Q°^) make 1 Centimeter. 



10 Centimeters 
10 Decimeters 
10 Meters 
10 Dekameters 
10 Hectometers 
10 Kilometers 



1 Decimeter; 
1 Meter (™). 
1 Dekameter. 
1 Hectometer. 
1 Kilometer (^). 
1 Myriameter. 
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OwiHtiu 
Dadm. ^ -— ^ 10 

^ 1= 10= 100 

1= 10= 100= 1000 

1= 10= 100= 1000= 10000 

^^ 1= 10= 100= 1000= 10000= 100000 

^. 1= 10= 100= 1000= 10000= 100000= 1000000 

1 =10=100=1000 =10000 =100000 = 1000000= 10000000 

NoTB 1. These measures, as well as all the other Metric weights and 
measures, are written as whole numbers and decimals of the denomina- 
tion, which, for the time, is taken as the xmit of weight or measure. 

Note 2. For yery short distances the millimeter is taken as the unit, 
and for long distances, as roads, etc., the kilometer. The latter is about 
200 rods, or fiye-eighths of a mile. Five meters make about one rod. 

Ex. 1. Write 7 kilometers, 1 dekameter, and 5 meters, in 
terms of kilometers. Ans. 7.015^™. 

2. Write 3 meters, 5 decimeters, 6 centimeters and 4 milli- 
meters, in terms of meters. 

3. Write 1 centimeter, 8.7 millimeters, in terms of millime- 
ters. Ans. 18.7°™. 

4. Write .9 meter, .9 decimeter, .9 centimeter, in terms of 
decimeters. 

«S4r4r« To reduce higher denominations of the Metric System 
to lower, and lower to higher : 

Rule. Multiply or divide hy 10, 100, 1000, etc., as the case 

may require (Art. 150). 

J. 

Ex. 1. Reduce 56 decimeters to millimeters. Ans. 5600"™. 

2. Reduce 125400 centimeters to kilometers. Ans. 1.254^ 

3. Reduce 5.487 kilometers to millimeters. 

4. Reduce 250000000 millimeters to kilometers. 

Ans. 26tJ*™. 

5. Reduce 123456789 millimeters to hectometers. 

6. How many hectometers in a rope 311.9 meters long? 

7. How many dekameters is it around a square field, whose 
side is .99 meters long? 
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«E4«S« Addition, subtraction, multiplication, and division of 
the Metric weights and measures are performed precisely as the 
corresponding operations in whole numbers and decimal fractions. 

Ex. 1. Ad4 3 kilometers, 56 meters, and 3 decimeters. 

Ans. 3.0563^. 

2. Subtract 8 meters from 8 dekameters. 

3. Divide 3 kilometers by 15 and write as meters* 

^4. If there are four points in a straight line, in the order 
ABC and D, and the distance from A to D is 96 kilometers, 
from B to C is 83 meters, and from C to D is 2.5 meters, how 
many kilometers is it from A to B ? ' Ans. 95.9145*™. 

5. How many meters is 8 times 65 centimeters ? 

6. Divide ^976426 millimeters by 342, and reduce to meters. 

7. Add 8 times 1124 meters and ^ of 366.24 kilometers. 

Ans. 70.032^. 

S46. SQUARE MEASURE. 

« 

The unit of Square Measure is the Square Dekameter, i. e., 
a square, whose side is 10 meters, and which is consequently 
equal to 100 square meters. To this unit is given th« name Are.* 

TABLE. 
Unit. — 1 Are. 

100 Sq. Centimeters make 1 Sq. Decimeter. 

100 Sq. Decimeters " 1 Centare, or Sq. Meter. 

100 Centares, or Sq. Meters " 1 Are ("). 

100 Ares " 1 Hectare. 

100 Hectares " 1 Sq. Kilometer. 

8q. Dedm. Sq. Oentim- 

S?bS!!S. 1= 100 

j^ 1= 100= 10000 

MecUxe.. 1= 100= 10000= 1000000 

i^ 1= 100= 10000= 1000000= 100000000 
1 =^ 100 = 10000 = 1000000 = 100000000 = 10000000000 

* Are iB from tlie Latin Area, a lev€l swfaoe. 
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NoTB. The terms principally nsed in this table are the Are and 
the Hectare. The Hectare is the common unit for Land Measure. 

•I^47« All operations by this table are performed as in Long 
Measure, remembering, that each denominatioiA occupies the 
place of two figures. 

Ex. 1. Reduce 196583 sq. decimeters to ares. Ans. 19.6583". 

2. Reduce 3 sq. kilometers to ares. 

3. How many sq. meters of stone are required to pave a 
street 6 kilometers long and 14 meters wide? Ans. 84000'^-™. 

4. If a person steps .8 meter at each step, how many steps 
will he take in walking around a rectangular field, which con- 
tains 1080 hectares, and whose breadth is 1800 meters ? 

. Ans. 19500. 

5. Reduce 3463 sq. centimeters to sq. decimeters. 

6. Reduce 678000000 sq. centimeters to sq. decimeters. 

7. How many sq. meters in a board fence 37 dekameters 
long and 1 .3 meters high ? Ans. 48 1"^* ™. 

8. How many sq. decimeters in a pane of glass, which is 5 
decimeters wide and 1.3 meters long? 

«48. CUBIC MEASURE. 

The principal unit of Cubic Measure is the Cubic Meteb. 
^ TABLE. 

Unit. — 1 Cubic Meter. 

1000 Cubic Centimeters make 1 Cubic Decimeter. 
1000 Cubic Decimeters " 1 Cubic Meter. 

Cub. Decim. Cab. Centim. 

cub.M. 1 = 1000 

1 = 1000 = 1000000 

Note, ^liis table is used in the measurement of the solid contents of 
bodies. 

^49. The operations bj this table are performed in the 
same manner as by the previous, but it must be borne in mind 
that each denomination occupies the place of three figures. 
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Ex 1. Reduce 4653500 cubic centimeters to cubic meters. 

Ans. 4.6535«^". 

2. Reduce 5 cubic meters to cubic centimeters. 

3. Add 3 cubic meters and 50001 cubic centimeters. 

4. How much larger is a block of gi'anite 1 meter long, 
.6 meter wide, and .5 meter thick, than one 3 meters long, 
.4 meter wide, .2 meter thick. Ans. 60*^^-^*'*°'. 

5. Reduce 95000000000 cubic meters to cubic decimeters. 

6. What is the solid contents of a ball .9 decimeter in diam- 
eter? 

7. How many cubic meters of stone are required to build a 
wall, which is to be 3 kilometers long, 1.4 meters high, and .75 
meter thick? 

SSO. In measuripg firewood, the cubic meter has received 
the name Stebe.* Bj decimal division and multiplication a 
new scale can be formed, of which, however, only the dckastere, 
the stere, and the decistere, have been found of practical value. 

TABLE. 

10 Decisteres make 1 Stere (''). 
10 Steres " 1 Dekastere. 

Ex. 1. What is the price of a pile of wood 4.6 meters long, 1.4 
meters wide, and 1.5 high, at $2 per stere? Ans. $19.32. 

2. How long is a pile of wood 4.2 meters wide and 3 meters 
high, which contains 189 steres? 

3. I wish to pile 10.8 dekasteres of wood in three piles, each 
of which shall be 6 meters long and 1.5 meters high ; how wide 
will each pile be ? Ans. 4°*. 

4. If a pile of kindling-wood 4 decimeters long, 2.5 decime- 
ters wide, and 1.9 decimeters high, cost 20 cts., how much does 
it cost per decistere ? 

5. How many steres in a pile -of wood 3.5 meters long, 1.8 
meters high, and 2 meters wide? 

* stere is fit>m the Greek Zrc/xJ;, soHd, 
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ff01. DRY AND LIQUID MEASURE. 

The unit of Dry and Liquid Measure is the cubic decimeter, 
i. e., a cube whose edge is -jV ^^ * meter, and which is conse- 
quently equal to -nj^y^ of a cubic meter. This unit has received 
the name Liter.* It is a little larger than a wine quart. 



TABLE. 
Unit.. — 1 Liter. 



10 MOliliters 
10 Centiliters 
10 Deciliters 
10 Liters 
10 Dekaliters 
10 Hectoliters 



make 



1 Centiliter (*^). 

1 Deciliter. 

1 Liter (^). 

1 Dekaliter. 

1 Hectoliter (^) . 

1 Kiloliter. 



HectoL 
KiloL 1 ■ 

1 = 10 ; 



Dekal. 
1 

10 

100 



L. 
1 

10 

100 

1000 



Decfl. 
1 

10 

100 

1000 

10000 



CentiL' 
1 

10 

100 

1000 

10000 

100000 



Miim. 
10 

100 

1000 

10000 

100000 

1000000 



Note 1. This table is used for measuring liquids, as milk, -wine, etc. ; 
and dry substances, as grain, etc. ; also the hollow contents of vessels. 

Note 2. The terms cubic meter and cubic centimeter are generally 
employed in the place of kiloliter and milliliter. 

Ex. 1. Reduce 13895 millimeters to liters. Ans. 18.895^ 
2. How many liters more in a box 1.3 meters long, .5 meter 

wide, and .4 meter deep, than in one of the same length and 

width but of only half the depth? 

8. What is the price of 3 hectoliters of milk at 5 cents per liter ? 

4. Reduce 7 kiloliters to liters. 

5. How many liters will a box contain, whose depth is 
184.5 millimeters, and the surface of the bottom 2.3 sq. me- 
ters? Ans. 309. 35>. 



• Liter is from the Greek Airpa, a Greek weight. 
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S. A farmer mixes 3 hectoliters of wheat, worth $5.50 per 
hectoliter, with 2.5 hectoliters of oats, worth $2 per hectoliter, 
and sells the mixture for $4 per hectoliter. Does he gain or 
lose, and how much ? 

7. How long is a trough, which contains 3 kiloliters, and the 
surface of whose end is 1.5 sq.' meters? 

8. A merchant buys a cask of wine for $80, and sells it for 
$1.05 per bottle, gaining thereby 25 cts. per liter, and on the 
whole quantity $25 ; how much did each bottle contain ? 

Ans. 1^ 

9. What will a 6ar load of wheat cost,at $6 per hectoliter, if 
the car is 5 meters long, 3 meters wide, and 2.5 meters high? 

Ans. $2250. 

9S9. WEIGHT. 

The unit of Weight is the weight of 1 cubic centimeter of 
distilled water at 4° centigrade,* or 39^° Fahrenheit, the tem- 
perature at which water has the greatest density. ThiB unit is 
called GfiAM.f The Kilogram is a common unit fotr weight, 
and is a little more than 2^ lbs. avoirdupois. 



TABLE. 




Unit. - 


— 1 Gram. 


10 Milligrams ("»«) 
10 Centigrams 
10 Decigrams 
10 Grams 


make 


1 Centigram. 
1 Decigram. 
1 Gram («). 
1 Dekagram. 


10 Dekagrams 
10 Hectograms 




1 Hectogram. 

1 KILOGRAM (k«). 


10 Tdlograms 
10 Myriagrains 
10 Quintals 




1 Myriagram. 

1 Quintal. 

1 Tonneau ('). 



* By the centigrade thermometer the melting point of ice, or the fi'eezing point 
of water, is OP, and the boiling point of water, at 760 ram. atmospheric pressure, 
is 100-^. 

t* Gram is ft-om the Greek Tp&nna, an inscHpHon, 
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« 




G«B(igr. 


MSDgr. 


« 






I>«iicr. 


1 =: 


10 






OlMU. 


1 =s 


10 = 


100 




IMcacr. 


. 1 = 


10 = 


100 = 


1000 


1 


BMlop. 1 = 


10 = 


100 = 


1000 = 


10000 


• KBofr. 


1= 10 = 


100 = 


1000 = 


10000 = 


100000 


Kntaffr. 1 = 


10= 100 = 


1000 = 


10000 = 


100000 = 


lOOOOOO 


1= 10 = 


100= 1000 = 


10000 = 


100000 = 


1000000 = 


10000000 


s 10= 100 = 


1000= 10000 = 


100000 = 


1000000 = 


10000000 = 


100000000 



1 

Is 10=100=1000= 10000 = 100000 = 1000000 = 10000000 = 100000000 = lOOOOOOOOO 

NoTB 1. This table is used in computing the weight of all objects, 
from the most minute to the sun and heavenly bodies. 

NoTB 2. The kilogram is the weight of a liter of water, and is gener- 
ally written and pronounced kilo. The tonneau is the weight of a kilo- 
liter, or cubic meter of water. 

NoTB 3. The new five cent coin (1866) weighs 5 grams, and is 20 mil- 
limeters in diameter. The limit of the weight of a single letter is to be 
15 grams, or the same as that of three five cent pieces. 

Ex. 1. Reduce 23 kilograms to grams. Ans. 23000*'. 

2. How many grams in 6429 milligrams ? 

3. What is the weight of the nickel in 25 new five cent pieces, 
if the nickel constitutes 20 % of the weight of the coin ? 

Ans. 258'. 

4. If one cubic meter of stone weighs 250 myriagrams, how 
many kilos will a stone weigh whose end contains 99 sq. 
decimeters, and whose length is 15 decimeters? 

5. If a man can carry 50 kilos at one time, in how many 
times can he remove a pile of bricks 7 meters long, 3 meters 
wide, aAd.3 meters high, the dimensions of a brick being 2.1 
decimeters, 1 decimeter, and 6 centimeters, and the weight 1.2 
kilos? Ans. 1200. 

6. What is the price of 8 quintals of fish at 25 cts. per 
kilogram ? 

7. How high is a cistern which contains 935 kilograms of 
water, if it is 2 meters long and 1.6 meters wide? 

8. If silver is 10.5 times as heavy as water, how tnany five 
cent coins will weigh as much as a bar of silver 3 decimeters long, 
6 centimeters wide, and 5 centimeters thick ? Ans. 1890. 

9. What is the weight of tfie water contained in a vessel .9 
meter long, .5 meter high, and .3 meter wide? Ans. 1.35 qtls. 
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003. WEIGHT OF BODIES. 

The computation of the weight of a body, when its specifio 
gravity (Arts. 509-513) and dimensions in the metric measures 
are known, is very simple. 

Rule. Multiply the toetght of an equal hulk of water by the 
specific gravity, 

Ex. 1. What is the weight of 2 liters of mercury? 

2. What is the weight of a bar of steel 1.3 meters long, 7 
centimeters wide, and 3 centimeters thick? Ans. 21.4032^**. 

3. What is the weight of a bar of iron 5 meters long, 2 deci- 
meters wide, and 1.2 decimeters thick? 

4. What is the value of 3.5 liters of mercury at 50 cts. per 
hectogram? Ans. $237.65. 

5. How much water is necessary to fill a cistern whose di- 
mensions are the same as thos6 of a piece of iron which weighs 
1556 kilos? Ans. 200^ 

6. How many rings, each weighing 5 grams, can be made 
from a bar of gold .9 decimeter long, 4 centimeters wide, and 
2 centimeters thick, if -j\y of the weight of each ring is to be of 
some other material? Ans. 308. 

7. How many bullets can be. made from a piece of sheet lead 
2.6 meters long,- 7 decimeters wide, and 4 millimeters thick, if 
each bullet weighs 28 grams ? 

8. What is the weight of an iron ball 3 decimeters in diam- 
eter? (Art. 497.) 

9. How much heavier is a liter of mercury than a liter of 
water? 

10. What quantity of water is equal in weight to a piece 
of gold 3 decimeters long, 2 centimeters wide, and 6 millimo' 
ters thick ? 
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tlS4» The following diagram represents the true size of part 
of a cuhic decimeter. The edge of the cube, the line A B, is 
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1 decimeter. The square erected upon it is consequently 1 
square decimeter, or 100 sqliare centimeters. The cube erected 
upon this square would be 1 cubic decimeter, or 1000 cubic 
centimeters. The whole cube would contain 1 liter, or 1 kilo- 
gram, of water. This cube is the unit for dry and liquid meas- 
ure. In the upper comer is repre£(^nted, in its true size, a 
cubic centimeter, which would hold 1 gram of water, the unit 
of weight. The lower edge of the cubic decimeter is divided 
into linear centimeters and millimeters, and compared with a 
scale of inches and eighths of an inch. 



SSS. EQUIVALENTS OF THE METRIC WEIGHTS 
AND MEASURES IN THE^ DENOMINATIONS NO\r 
IN USE. 

The value of the Metric Weights and Measures cannot be 
exactly expressed in the denominations in customary use, but 
the following approximate values have been established by 
Congress for use in all legal proceedings : — 

MEASURES OF LENGTH. 



HET£IO DSirOMlNATIONS AND VALUXS. 


XQUIVALEKTB ZV BSKOHINATIONS IN U8K. 


Myriameter. . 
Kilometer . . 
Hectometer. . 
Dekameter . . 
Meter . . . 
Decimeter . •. 
Centimeter . . 
Millimeter . . 








10000 meters . 

1000 meters . , 

100 meters . . 

10 meters . . 

1 meter . . 

.1 meter . , 

.01 meter . . 

.001 meter . . 








6J2137 mUes. 

0.62137 mile, or 3,280 feet and 10 Inches. 

328 feet and 1 inch. 

393.7 inches. 

39.37 inches. ^ 

3.937 inches. 

0.3937 inch. 

0.0394 inch. 



• 


MEASURES OF SURFACE. 


HZTRIO DENOMINATIONS AND TALUBi. 


EQUIYAIJOrrS IN DENOMINATIONS IN USB 


Hectare 

Are 

Centare 


10,000 square meters 
100 square meters 
1 square meter 


2.471 acres. 

119.6 square yards. 

1550 square inches. 
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MEASURES OF CAPACITY. 



XSTUC PKHOMCrAnOXS AXD TALUX8. 

• 


EQCITALKnTS IX DtXOXIXATIOXS IX USS. 


No. of 
Names. 
^ Liters. 

1 


Cubic Heasore. 


Ihj Measure. 


liquid or Wine 
Measure. 


KiloUter or Stere 
Hectoliter . . . 
Dekaliter .... 

LlTRR 

Deciliter .... 
Centiliter .... 
Milliliter .... 


1000 

100 

10 

1 

.1 

.01 

.001 


1 cabift meter . . 

.1 cubic meter . . 
10 cubic decimeters 

1 cubic decimeter 

.1 cubic decimeter 
10 cubic centimet's 

1 cubic centimeter 


1.306 cubic jards 
2bu.and3.35pkB. 
9.06 quarts . . . 
0.906 quart . . . 
0.1022 cub. inches 
0.6102 cub. inch. 
0.061 cub. inch . 


264.17 gallons. 
26.417 gallons. 
2.6417 gallons. 
1.0567 quarts. 
0.845 giU. 
0.a38 fluid ounce. 
0.27 fluid draehm. 



WEIGHTS. 



MXraiO DXHOimiATIONS AHO TALCX8, 


EQUITALSNTS IN B^OIQNA- 
TI0N8 IN USK. 


Names. 


No. of 
Grams. 


Weight of what Quantity of 
Water at maximum Density. 


> 

AToirdupois Wei^t. 


Millier or Tonneau 


I 1000000 


1 cubic meter 


■ 

2204.6 pounds. 


Quhital 


100000 


1 hectoliter ..... 






220.46 pounds. 


Myiiagram .... 


10000 


10 liters 






22.046 pounds. 


Kilogrfun or Kilo . 


1000 


1 liter 






2.2046 pounds. 


Hectogram .... 


100 


IdeciUter 






3.5274 ounces. 


Dekagram .... 


10 


10 cubic centimeters , 






0.3527 ounce. 


Oram 


1 


1 cubic centimeter 






15.432 grains. 


Decigram 


.1 


.1 cubic centimeter 






1.5432 grains. 


Centigram .... 


.01 


10 cubic millimeters . 






0.1543 grain. 


Milligram .... 


.001 


1 cubic millimeter 






0.0154 grain. 



TABLE OJF EQUIVALENTS. 



1 Inch =: 2.54 Centimeters. 

1 Foot = 3.048 Decimeters. 

1 Yard = .9144 Meter. 

1 Mile ^ = 1.6093 Kilometers. 

1 Sq. Inch = 6.4516 Sq. Centimeters. 

1 Sq. Foot = 9.2903 Sq. Decimeters. 

1 Sq. Yard =s .8361 Sq. Meter, or Cen- 

1 Sq. Mile s= 2.68996 Sq. Kilos. [*»'«• 



1 Cub. Inch 
1 Cub. Foot 
1 Gallon 
1 Grain 
1 Troy Oz. 
1 lb. Avd. 
ICwt. 



: 16.3934 Cub. Centimeters. 
2^.3277 Cub. Decimeters. 
3.7854 Liters. 

.0648 Gram. 
: 31.1034 Grams. 
: .4535 Kilo. 

.^535 Quhital. 
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556. To reduce the Metric Weights and Measures to those 
in customary use. 

Rule. Multiply the number of Metric units hy the correspond- 
ing number in the table. 

Ex. 1. Reduce 36 kilometers to miles. 

Ans. 22.36932 miles. • 

2. Reduce 5.6 meters to yards. 

3. What is the equivalent of 4 kilometers, 7 meters, and 3 
decimeters, in miles. Ans. 2.49-|- miles. 

4. Reduce 6.98 hectares to acres. 

5. If a sheet of gold foil is .7 meter long and 16 centimeters 
wide, how many square yards surface has it ? 

6. Reduce 2.37 kiloliters to gallons. Ans. 626.0829 gal. 

7. How much must I pay for sawing 27 steres of wood at 
$1.50 per cord? Ans. $ll.l7+. 

» 8. Reduce 56.005 kilos to lbs. avoirdupois. 

557, To reduce customary weights and measures to those 
of the Metric system. 

Rule. Divide the number of the customary denomination by 
the corresponding number in the table, 

Ex. 1. Reduce 1235.5 acres to hectares. Ans. 500^*. 

.2. If a piece of tent cloth contains 239 sq. yards, how many 
centares are there? Ans. 199.83+^»". 

3.' How many kilometers is it from Washington to Boston, 
440 miles ? 

4. How many liters are equivalent to 946 bushels, 1 peck, 
and 3.2 quarts? Ans. 33351.54+. 

5. What will 2 lbs. 6 oz. of quinine cost at 12^ cents per 
dekagram? ' Ans. $13.46. 

6. How many cubic meters in a block of granite 12 feet 6 
inches long, 4 feet wide, and 2 feet 6 inches thick ? 

7. Reduce 2 t. 3 cwt. 2 qrs. to quintals. • 
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8* If A bays 2 lbs. of precious stones at 1500000 per lb. and 
sells them at $250 per gram, does he gain or lose, and how 
much? 

9. How much will a load of hay, weighing 1 tC 1 cwt. and 
3 qrs., cost at $4 per quintal? Ans. $39.46-f-. 

§56. MISCELLANEOUS EXAMPLES. 

SSSm Ex. 1. Reduce 10 kilometers to meters. Ans. 10000. 

2. Reduce 25000 millimeters to meters. Ans. 25. 

3. Add 1 kilometer, 7 hectometers, 9 meters, and 6 milli- 
xnetecs, and write the sum in terms of a meter ; in terms of a 
kilometer ; in terms of a millimeter. 1st Ans. 1709.006™. 

4. Add 5 ares, 6 hectares, and 3 centares. 

5. Subtract 328 meters and 954 millimeters from 1 kilometer, 
1 hectometer, 7 meters, 8 decimeters, 3 centimeters, and 2 mil- 
limeters. Ans. 778.878™. 

6. Reduce 9 kilograms to grams. 

7. Multiply 72 millimeters by 8625. Ans. 621™. 

8. From & sq. meters subtract 5 sq. millimeters. 

Ans. 5.999995'^' ™. 

9. Reduce 92 kiloliters to milliliters. Ans. 92000000. 

10. Reduce 92 cubic kilometers to cubic millimeters. 

Ans. 92000000000000000000. 

11. Add 9 steres and 5 decisteres. . 

12. Subtract 63598 milligrams from 143 grams. 

13. Divide 221.103 meters by 9. Ans. 24.567™. 

14. Multiply 375 liters by 8. 

15. Divide 3035000 cubic meters by 75875. Ans. 40«^™. 

16. Reduce 9 kilometers to miles. 

17. Reduce 9 miles to kilometers. 

18. Multiply 78 ares by 9, and write as hectares. 

19. Divide 273024 sq. meters by 3792, and write as sq. deka^ 
meters. Ans. .72*«-**^. 
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20. Add 10 liters, 10 deciliters, 10 centiliters to 88.9 liters. 

Ans. 100^. 

21. Reduce 378 kilos to pounds avoirdupois. 

22. Reduce 6.5 acres to ares. 

23. Subtract 898490000000000000 cubic millimeters from 
1.97853 cubic kilometers. Ans. 1080040000'*- ". 

24. How many kilometers is it around a rectangular field 
^ which is 64 meters long and 25 meters wide? Ans. .178^^**". 

25. If the Pacific railroad is 1900 miles long^ how many 
kilometers of wire will be required for two telegraph lines, 
allowing ^ for the sagging and for fastening of the wire? 

Ans. 6268.406-|-'^» 

26. How many coins, each weighing 10 grams, can be coined 
from a piece of gold 12.5 "decimeters long, .8 decimeter wide, 
and 4 centimeters thick, if ^ of thd weight of each coin is to 
be copper? 

27. How many kilos of copper wire in the cable (mentioned 
on page 93, Ex. 35) if each yard of the wire weighs 1.5 oz? 

Ans. 1309895.094. 

28. If it is 1428 miles from New York to New Orleans, and 
675 kilometers from Paris to Marseilles, how much further is it 
from New York to New Orleans than from Paris to Marseilles, 
m miles? in kilometers? 1st. Ans. 1008.57525 miles. 

29. If a piece of gold weighing 3850 grams be beaten into a 
'plate of even thickness, 2.5 decimeters long and 1.6 decimeters 
wide, -how thick is the plate, and how much will a part of it, 
5 centimeters long and 2 centimeters wide, weigh ? 

Ans. 96.25«'. 
80. What would be the weight of a ball of iron 3 kilome- 
ters in diameter. (Art. 497.) 

31. A merchant buys 800 gallons oil at 65 cents per gallon, 
and sells it at $20 per liter ; how much does he gain or lose 
per gallon ? How much upon the entire quantity ? 

32. How many hours will be required to empty a cistern of 
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water 10 feet long, 6 feet wide, and 4 feet high, tiirough a dis- 
charging pipe, if the average flow is 60 liters per minute ? 

Ans. 1 h. 53.27+ m. 

33. Bought 10 cords of wood at the rate of $2 per stere, and 
paid for it 450 liters of wheat at 10 cts. per liter, and the balance 
in cash ; how much cash was paid? Ans. $27.48. 

34. A chemist about to analyze a coin, finds his crucible and 
coin weigh 19.345 grams, and the crucible 17.985 grams ; what 
is the weight of the coin? 

35. The result of the analysis is 90 % silver and 10 ^ copper ; 
what was the weight of the silver in the coin? what of the 
copper ? 

36. If 1.8 kilograms of steel be used in making 600000 nee- 
dles, what is the weight of each needle ? 

37. If a man can mow a swath 1.6 meters wide and 500 
meters long in an hour, and a hOy half as much, how manj 
hours will it take each to mow a field containing 80 ares ? 

Ans. Man 10 h. 

38. How long will it take both to mow the same field ? 

Ans. 6 h. 40 m. 

39. If one field is 6 hectometers long and 1.9 hectometers 
wide, and a second field 7 hectometers long and 1.8 hectometers 
wide, how many more hectares are there in the second thaii in 
the first? 

40. How many rolls of wall paper, each roll being 6 meters' 
long and .5 meter wide, will be required to paper the sides of 
a room 5.75 meters long, and 4.75 meters wide, and 3 meters 
high, if there are 2 doors 2 meters high and 1.25 meters wide* 
2 windows 1.6 meters high and 1.25 meters wide,' and the base* 
boards are .2 meter wide? ^ " Ans. 16.76-|-. 

41. How many ares are there in a Rectangular field 3 kilo* 
meters long and 9 hectometers wide? 

42. If the eye of an insect has 1.2 sq. millimeters surface, 
and contains 1500 lenses, how much surface has each lens. 

Ans. .0008'^""™. 
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43. What is the price of a piece of linen 39 meters long and 
•9 meter wide, at $1.25 per sq. meter? 

44. How many sq. meters of board, 2 centimeters thick, will 
be required to make 10 boxes, with covers, .5 meter long, .3 
meter wide, and .4 meter deep, the measurements being made 
upon the outside ? 

45. If one stere of wood cost $2.37 J, how many kiloliters of 
potatoes, at $2.50 per hectoliter, must be paid -for 126 steres? 

Ans. 11.97. 

46. How many strokes of the pump must be given to supply 
a cistern 1.5 meters long, 1.3 meters wide, and 1.2 meters high, 
if each stroke discharges .6 liter? Ans. 3900. 

47. How many liters of gas are contained in a cylindrical 
gasometer 6.5 meters high, and 7.9 meters in diameter? 
(Art. 492.) 

48. How many cannon balls 50 centimeters in diameter can 
be made from 203680.011 kilos of iron? (Art. 497.) 

Ans. '400. 

_ _ _ _ • 

49. How many sq. feet of slates will be required to cover a 
roof 15 meters long and 7.75 meters wide, if the slates are .5 
meter long, and each row of slates covers f of the next lower 
row, provided the upper row is .375 meter wide, and the lower 
row projects .125 meter over the eaves? 

.50. How much longer is the edge of a cubic kilometer than 
that of a cubic rod? * 

51. How many cubic meters in 'a mast 15 meters long, the 
diameter of the larger end being .6 meter, and of the smaller 
.3 meter? (Art. 494.) 
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